NATIONAL  INSTITUTE  OF  ARTHRITIS  AND 
MUSCULOSKELETAL  AND  SKIN  DISEASES 

ANNUAL  REPORTS 

INTRAMURAL  RESEARCH  PROGRAMS 

OCTOBER  1,  1989  TO  OCTOBER  1,  1990 


UBRARV 

DEC  1  8  1991 
National  Institutes  of  Health 


NATIONAL  INSTITUTE  OF  ARTHRITIS  AND  MUSCULOSKELETAL  AND  SKIN  DISEASES  .  ^-  ^ J 

ANNUAL  REPORTS 

INTRAMURAL  RESEARCH  PROGRAMS 

OCTOBER  1,  1989  TO  OCTOBER  1,  1990 


o 


1 2b 
lllO 


NATIONAL 
ACTIVE 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 
ZOl  AR 


PROJECT  NUMBERS 
INSTITUTE  OF  ARTHRITIS  AND  MUSCULOSKELETAL  AND  SKIN  DISEASES 


PROJECTS 
27000-28  LPB 
27001-16  LPB 
27003-31  LPB 
27004-21  LPB 
27005-08  LPB 
27012-06  LPB 
27002-12  LSBR 
41020-23  ARB 
41022-18  ARB 
41023-16  ARB 
41025-19  ARB 
41040-18  ARB 
41048-11  ARB 
41066-08  ARB 
41074-03  ARB 
41075-03  ARB 
41076-03  ARB 
41077-03  ARB 
41079-02  ARB 
41080-02  ARB 
41083-01  ARB 
41084-01  LSB 
41085-01  LSB 
41086-01  LSB 
41087-01  LSB 


INACTIVE  PROJECTS 

ZOl  AR  41081-02  ARB 
(Transferred  to  NIAID, 
ZOl  AI  00594-01  ODIR) 


11 
TABLE  OF  CONTENTS 

DIRECTOR 

Lawrence  E.  Shulman,  M.D.,  Ph.D. 

INTRAMURAL  RESEARCH  PROGRAM 

Henry  Metzger,  M.D.,  Director 

PROJECT  REPORTS 

LABORATORY  OF  PHYSICAL  BIOLOGY 

Summary 1 

The  Mechani  sm  of  Muscul  ar  Contracti on 6 

Regulation  and  Contractility  of  Skeletal  and  Smooth  Muscle 10 

Biophysical  Studies  of  Metabolic  Activity  and  Control 13 

The  Dynamic  Properties  of  Cell  Membranes  and  Related  Systems 16 

Aggregation  of  Human  Platelets  Induced  by  Decompression 19 

Structural  and  Mechanical  Properties  of  Muscle  Fibers 22 

LABORATORY  OF  STRUCTURAL  BIOLOGY  RESEARCH 

Summary 25 

Macromol  ecul  ar  Structure ,28 

CLINICAL  INVESTIGATION 

John  H.  Klippel,  M.D.,  Director 

ARTHRITIS  AND  RHEUMATISM  BRANCH 

Summary 32 

Pathogenesis  of  Autoimmunity  in  Mice  with  SLE-like  Illness 38 

Therapeutic  Studies  in  Murine  Lupus 44 

Studies  of  Patients  with  Immune-mediated  Diseases 47 

Studies  on  the  Cell  Surface  Receptor  for  IgE 51 

Study  of  Various  Cytotoxic  Drug  Programs  in  Diffuse  Lupus  Nephritis..  56 


Ill 


Bacterial  Cell  Wall -induced  Arthritis  and  Hepatic  Granuloma 

Formation  in  the  Rat 60 

Characterization  of  Synovial  Tissues  from  Patients  with  RA  and 

Related  Conditions 66 

Studies  on  Etiology  and  Pathogenesis  of  Idiopathic  Inflammatory 

Myopathy  in  Humans 71 

Picornavirus-induced  Chronic  Inflammation 74 

Therapeutic  Trials  in  Idiopathic  Inflammatory  Myopathies 76 

Regulation  of  Gene  Expression  in  Normal  and  Impaired  Fracture 

Heal  i  ng 78 

Role  of  the  Central  Nervous  System  in  Susceptibility  to  Arthritis 83 

The  Use  of  MRI  to  Detect  Inflammation  in  Muscle  of  Patients  with 

Myositis 90 

Structure  and  Function  of  the  Fc  Receptor 92 

Genetics  of  Familial  Mediterranean  Fever 93 

LABORATORY  OF  SKIN  BIOLOGY 

Summary .96 

Structural  Features  of  Keratin  and  Related  Intermediate  Filaments 101 

Expression,  Structure  and  Function  of  Filaggrin 106 

Expression,  Structure  and  Function  of  Loricrin,  a  Major  Cell 

Envelope  Protein 110 

Epidermal  Transglutaminases 114 


Annual  Report 

Laboratory  of  Physical  Biology 

National  Institute  of  Arthritis  and  Musculoskeletal  and  Skin 

Diseases 
October  1,  1989  through  September  30,  1990 

Muscle  Contraction 
Crossbridae  motion. 

A  widely  accepted  model  of  muscle  contraction  assumes  that 
force  is  generated  by  "rocking"  sub  fragment  1,  the  head  part  of  the 
myosin  molecule,  after  it  attaches  to  the  actin  filament.  Many 
investigators  have  tried  to  produce  this  kind  of  motion  by 
stretching  rigor  muscle  fibers,  but  have  not  been  able  to  detect  it 
with  either  X-ray  diffraction  or  various  spectroscopic  probes. 
Addition  of  ATP  analogues  which  weaken  the  binding  of  subfragment 
1  to  actin  was  also  without  effect  on  the  response  to  stretch. 
However,  an  X-ray  signal  was  detected  when  muscle  fibers  in  rigor 
-jwere— first -crossl inked  -with-  EDC,  a  zero-length  cros&iinker ,  and 
then  stretched.  The  time  course  of  the  effect  could  be  accelerated 
by  addition  of  ATP  analogues  (AMPPNP  and  PP,)  to  the  fibers  and  was 
fastest  in  the  presence  of  ATP  itself.  The  results  indicate  that 
a  myosin  head  is  capable  of  rocking  on  actin  and  that  the  EDC 
tethered  myosin  head  is  more  flexibly  attached  to  actin  than  the 
normally  attached  head  (Iwamoto,  Podolsky) . 

Crossbridae  distribution  in  rigor  muscle. 

The  pattern  of  crossbridge  formation  between  the  thick  and 
thin  filaments  was  studied  in  the  rigor  state  by  using  low  salt, 
high  pH  conditions  to  dissociate  the  thick  filaments  and  monitoring 
the  detailed  structural  changes  by  electronmicroscopy  and  X-ray 
diffraction.  In  the  part  of  the  A-band  that  contains  only  thick 
filaments  (the  H-zone) ,  the  filaments  dissociated  mainly  into  three 
subfilaments.  In  the  part  of  the  A-band  where  thick  and  thin 
filaments  interdigitate  and  actomyosin  crossbridges  are  present, 
the  thick  filaments  open  to  form  hollow  rings  and  then  numerous 
subfilaments.  This  pattern  of  dissociation  indicates  that  the 
thick  filaments  are  made  up  of  three  parallel  subfilaments,  and 
that  the  crossbridges  from  each  subfilament  are  shared  by  at  least 
three  of  the  adjacent  actin  filaments.   (Barbosa,  Podolsky) 

Recmlation  of  skeletal  muscle. 

Several  years  ago  two  ways  of  artificially  creating  ATP- 
independent  weakly-binding  crossbridges  were  described.   Weakly- 


binding  crossbridges  created  either  with  para-phenylenedimaleimide 
(pPDM)  or  with  N-phenyl  maleiiaide  (NPM)  treatment  have  binding 
strength  and  attachment  and  detachment  rate  constants  virtually 
identical  to  normal  myosin  ATP  crossbridges  were  used  as  a  model 
for  the  normally-occurring  weakly-binding  crossbridges.  Because  of 
this  very  close  similarity  between  pPDM-  or  NPM-treated 
crossbridges  and  normal  relaxed  crossbridges,  the  artificially 
created  weakly-binding  crossbridges  were  used  as  a  model  tor 
normally-occurring  weakly-binding.  It  was  found  that  the  r  te 
constants  and  binding  constants  of  the  weakly-binding  pPDM-  and 
NPM-crossbridges  were  insensitive  to  changes  in  [Ca^*]  over  the 
physiological  range.  This  is  an  important  result  with  regard  to 
the  mechanism  of  muscle  regulation  in  fibers  because  it  provides 
evidence  that  the  regulation  of  muscle  activity  resembles  the 
regulation  of  the  actomyosin  ATPase  in  solution  and  not  the 
mechanism  postulated  by  the  classic  steric  blocking  model  of  muscle 
relaxation,  which  states  that  muscle  regulation  is  due  to  the 
effect  of  Ca^*  on  the  binding  strength  of  weakly-binding  myosin. 
(Barnett,  Schoenberg) 

The  role  of  calcium  in  contraction  regulation  was  investigated 
in  rabbit  psoas  muscle  fibers.  Equatorial  X-ray  diffraction  and 
mechanical  measurements  were  used  to  study  the  effects  of  calcium 
on  the  actin  affinity  of  crossbridges  in  the  presence  of  an  ATP 
-analog  ,~ATPgS.  Crossbridges  in  the  presence— ef^  ATPgS  but  in  the 
absence  of  calcium  exnilDited  identical  binding  characteristics  as 
observed  in  relaxed  muscle.  It  was  found  that  calcium  in  the 
presence  of  ATPgS  only  slightly  increases  the  actin  affinity, 
whereas  the  kinetics  of  crossbridge  binding  were  significantly 
affected.  The  findings  are  contrary  to  the  predictions  of  the 
steric  blocking  model.  Hence  steric  blocking  is  not  likely  the 
regulation  mechanism  in  these  muscle  fibers.  (Yu,  Brenner) 

Regulation  of  smooth  muscle. 

Using  Western  blotting  with  an  '^I-conjugated  second  antibody, 

an  extremely  sensitive  radio-assay  for  detecting  the  percentage  of 
20-kDalton  myosin  light  chain  phosphorylation  in  very  small 
preparations  of  tracheal  smooth  muscle  was  worked  out.  Vasoactive 
intestinal  peptide  (VIP) ,  which  causes  tracheal  smooth  muscle 
relaxation,  also  causes  a  decrease  in  the  percentage  of  myosin 
light  chain  phosphorylation  in  fibers  stimulated  with  substance  P. 
It  has  also  been  shown  that  myosin  light  chain  kinase,  the  main 
enzyme  responsible  for  phosphorylating  myosin  light  chain,  is 
itself  a  phosphorylatable  protein  in  vitro.  Additionally, 
phosphorylation  of  myosin  light  chain  kinase  in  vitro  reduces  its 
activity.  By  stimulating  the  smooth  muscle  after  its  ATP  pool  had 
been  equilibrated  with  ^P,  it  was  shown  that  the  kinase  is  indeed 
phosphorylated.  Experiments  are  currently  underway  to  examine 
whether  the  site  phosphorylated  is  the  same  as  the  one  shown  to 
regulate  myosin  light  chain  kinase  in  vitro.  (Moussavi,  Qian, 
Schoenberg,  Adelstein,  Sellers) 


Intermediate  state  for  force  generation. 

It  has  been  proposed  that  the  actomyosin  ATPase  cycles 
(crossbridge  cycles)  include  several  energetically  distinct  states. 
The  cycle  can  be  divided  into  two  groups  of  states  characterized  by 
the  strength  of  binding  between  actin  and  myosin  -  the  weak  binding 
states  and  the  strong  binding  states.  Force  generation  probably 
involves  a  transition  from  the  weak  to  the  strong  binding  states. 
Evidence  was  found  that  crossbridges  bound  to  actin  in  the  weak 
binding  states  are  essential  precursors  to  force  generation. 
Caldesmon,  a  regulatory  protein  found  in  smooth  muscle, 
specifically  inhibits  binding  of  crossbridges  in  the  weak  binding 
states.  When  caldesmon  is  added  to  skinned  rabbit  psoas  muscle 
fibers,  both  X-ray  diffraction  and  mechanical  binding  states 
decrease  as  the  concentration  of  caldesmon  increases.  Accompanying 
the  inhibition,  the  active  force  level  generated  by  the  muscle  is 
found  to  decrease.  This  is  the  first  evidence  showing  that  the 
weak  binding  states  are  essential  intermediates  for  force 
generation  in  vertebrate  muscle.   (Yu,  Chalovich) 

Resting  tension 

In  the  course  of  previous  work  with  normal  and  dystrophic 
human  muscle  it  was  noticed  that  the  tension  produced  by  stretching 

_these  relaxed  fibers  is  approximately  five times  smaller  than 

produced  by  stretching  rabbit  psoas  muscle.  Since  proximal  limb 
muscles  (quadriceps  and  biceps)  were  used  in  the  human  muscle 
study,  limb  muscle  of  the  rabbit  were  examined  to  see  if  they 
showed  low  levels  of  resting  tension,  similar  to  that  found  in  the 
human  fibers.  Using  a  sensitive,  quantitative  electrophoretic 
technique,  the  individual  rabbit  soleus  muscle  cells,  as  well  as 
the  human  fibers,  were  found  to  contain  "the  same  concentrations  of 
major  myofibrillar  proteins  as  the  rabbit  psoas  fibers.  The  five- 
fold difference  in  resting  tension  observed  is  therefore  not  due  to 
different  levels  of  elastic,  tension  bearing  proteins,  but 
indicates  a  qualitative  difference  within  these  proteins  at  the 
molecular  level.   (Horowits,  Podolsky) 

Cell  Membrane 

Calorimetry  of  critical  bilaver  assembly. 

The  critical  bilayer  assembly  temperature  T*  can  be  found  for 
aqueous  phospholipid  dispersions  at  the  terminus  of  a  second-order 
phase  transition.  This  assertion  is  based  on  a  thermodynamic 
analysis  of  the  equilibrium  surface  film  properties  of  phospholipid 
dispersions.  While  this  analysis  is  rigorous,  it  is  laborious  and 
time-consuming.  Using  a  newly  designed,  quasi-adiabatic 
calorimeter,  in  which  the  heat  capacity  is  measured  as  a  function 
of  temperature,  T*  for  dispersions  of  dimyristoylphosphatidyl- 
choline  (DMPC)  have  been  measured.  Surface  chemical  and  calorimet- 
ric  methods  gave  the  same  value  of  T*  for  this  lipid.  The  calorime- 


ter  measurement  has  several  notable  advantages:  it  provides  a 
precise  measure  of  the  heat  of  bilayer  assembly  and  the  critical 
temperature,  and  it  allows  T*  to  be  measured  within  several  days 
instead  of  the  normal  period  of  weeks  required  by  the  previous 
technique.   (Gershfeld,  Berger) 

Membrane  bilayer  instability  and  pathogenesis  of  myelin  disorders. 

According  to  the  critical  state  theory  of  bilayer  assembly 
both  the  ambient  temperature  and  the  lipid  composition  of  the 
membrane  are  critical  conditions  for  membrane  stability.  If  the 
critical  conditions  are  no  longer  met  the  theory  predicts  that  an 
accumulation  of  cerebroside  sulfate  in  excess  of  the  normal  amount 
in  myelin  would  lead  to  a  lowering  of  T*  and  to  demyelination. 
Myelin  lipids  were  also  examined  for  another  demyelinating 
disorder,  multiple  sclerosis  (MS) ,  where  the  process  is  believed  to 
occur  by  immune-mediated  mechanisms  and  not  by  a  membrane  lipid 
defect.  The  critical  bilayer  temperature  for  these  lipids  is  37°C, 
consistent  with  the  general  belief  that  MS  demyelination  occurs  by 
a  non-lipid  dependent  mechanism.   (Ginsburg,  Gershfeld) 

Platelet  Aaaregation 

Evidence  was  found  that  the  mechanism  of  decompress ion- 
inducible  platelet  aggregeition  (DIPA)  is  due  to  self-adhesion 
^^aggregation)  of  platelets  and  their  adhesion  to  the  blood  vessel 
wall  in  the  small  blood  vessels  in  the  web  of  the  frog's  foot.  A 
similar  stoppage  of  blood  flow  was  observed  in  the  ear  of  the 
mouse.  Vascular  occlusion  could  be  prevented  in  the  mouse  as  well 
as  in  the  frog  by  the  oral  administration  of  the  drug  piracetam. 
The  experimental  findings  confirmed  the  hypothesis  that  Acute 
Mountain  Sickness  is  a  vascular  occlusive  disease.   (Murayama) 

Radiation  Inactivation  Analysis 

This  technique  continued  to  provide  important  data  from  a  very 
wide  range  of  biological  systems. 

Sodium/glucose  cotransporter. 

The  intestinal  brush  border  membrane  sodium/glucose  cotrans- 
porter is  the  best  known  eukaryotic  system  demonstrating  ion- 
coupled  transport,  but  structure-function  relationships  of  the 
cotransporter  in  the  native  membrane  have  been  lacking.  Using 
radiation  inactivation  it  was  shown  that  the  cotransporter 
functions  in  the  membrane  as  a  290  kDa  homotetramer  comprised  of 
four  independently-activated  73  kDa  subunits.  These  subunits  work 
in  concert  and  an  individual  subunit's  activity  can  only  be 
manifested  by  the  interaction  of  all  the  other  components.  At  the 
extracellular  surface  sodium  binds  to  the  cotransporter,  which 
results  in  a  conformational  change  that  permits  glucose  to  bind  to 
the  glucose-binding  site.   With  both  species  bound,  the  cotrans- 


porter  undergoes  a  new  conformational  shift,  placing  sodium  and 
glucose  near  the  inner  surface  of  the  membrane.  Sodium  and  glucose 
are  then  released  to  the  cytoplasm,  thereby  triggering  a  cotrans- 
porter  conformational  shift  to  expose  the  binding  sites  once  again 
to  the  extracellular  surface  of  the  membrane.  The  cotransporter 
thus  again  assumes  the  optimal  conformation  for  binding  extracellu- 
lar sodium  and  glucose.   (Kempner,  Wright) 

Cholesterol  recrulci^orv  enzyme. 

Cholesterol  is  required  by  all  mammalian  cells  for  the  proper 
functioning  of  cellular  membranes.  Most  cellular  cholesterol  is 
found  ester ified  to  long-chain  fatty  acids.  The  esterification  is 
catalyzed  by  the  enzyme  acyl-CoA: cholesterol  acyl transferase 
(ACAT) ,  one  of  a  family  of  acyl-CoA  acyl tranf erases.  Because  of  its 
central  role  in  cellular  cholesterol  metabolism,  there  has  been 
great  interest  in  the  properties  and  regulation  of  ACAT  but  it  has 
not  been  successfully  purified  from  the  endoplasmic  reticulum. 
Clearly,  the  ACAT  enzyme  must  have  separate  binding  sites  for 
cholesterol  and  for  acetyl-CoA.  Radiation  inactivation  of  rat 
microsomes  revealed  a  target  size  of  180  kDa.  A  related  microsomal 
enzyme,  Acetyl-CoA  hydrolase  (ACH)  revealed  a  complex  inactivation 
curve  resembling  those  due  to  an  enzyme-inhibitor  complex,  and 
leading  to  an  enzyme  target  size  determination  of  45  kDa. 
Estimates  of  the  size  of  the  inhibitor  in  the  range  of  100-200  kDa. 
It  was  proposed  that  the  ACAT  enzyme  was  composed  of  two  indepen- 
dently-inactivated regions,  one  of  which  binds  cholesterol.  The 
other  region  binds  acetyl-CoA,  and  either  transfers  the  acetyl 
group  to  cholesterol,  or  (in  the  absence  of  cholesterol)  hydrolyzes 
the  acetyl-CoA.  The  cholesterol-binding  region  of  ACAT  in  effect 
becomes  an  inhibitor  for  the  hydrolase  activity.  This  model 
predicts  that  the  hydrolase  and  acetyl transferase  activities  will 
depend  on  cholesterol  concentration,  and  the  increase  in  ACAT 
activity  will  be  mirrored  by  an  equal  decrease  in  ACH  activity. 
These  predictions  were  confirmed  experimentally.  Conversely  to  the 
inhibitory  action  of  cholesterol,  the  hydrolase  activity  can  be 
considered  a  regulator  for  the  ACAT  function.  Such  regulation  may 
be  a  general  phenomenon  which  applies  to  other  members  of  the 
acetyl-CoA  transferase  family  and  would  be  revealed  by  the  presence 
of  inherent  ACH  activity  which  is  depressed  by  the  other  acceptors. 
(Kempner,  Billheimer) . 

High  Resolution  Electron  Microscopy 

Work  in  this  area  was  done  in  the  Structural  Biology  Section 
of  the  Laboratory  of  Physical  Biology.  In  a  reorganization  of 
NIAMS,  this  Section  became  the  core  of  the  new  Laboratory  of 
Structural  Biology  Research  under  which  heading  the  report  of 
activity  can  be  found. 
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SUMMARY  OF  WORK  (Vse  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

-Striated  muscle  cells  consist  of  three  sets  of  filaments:  (1) 
thick,  myosin  containing  filaments,  which  interdigitate  with  (2) 
thin,  actin-containing  filaments  and  (3)  titin  filaments,  which 
center  the  thick  filaments  axial ly  in  the  sarcomere  and  produce  the 
resting  tension.  The  resting  tension  is  different  in  fibers  taken 
from  different  muscles:  the  tension  produced  by  individual  rabbit 
soleus  muscle  fibers  is  about  five  times  smaller  than  that  produced 
by  rabbit  psoas  muscle  fibers.  Sensitive  quantitative 
electrophoretic  measurements  show  that  the  concentration  of  the  major 
myofibrillar  proteins  is  the  same  in  both  types  of  fibers.  Therefore 
the  different  tension  levels  in  the  soleus  and  the  psoas  fibers  are 
due  to  a  qualitative  difference  in  the  elastic  properties  of  the 
titin  molecules  in  the  different  muscle  fibers. 

A  widely  accepted  model  of  muscle  contraction  postulates  that 
force  is  generated  by  "rocking"  the  head  part  of  the  myosin  molecule 
after  it  attaches  to  the  actin  filament.  This  model  is  supported  by 
X-ray  reflections  from  fibers  put  into  the  rigor  state,  cross-linked 
with  EDC,  and  then  strained  by  1%  in  the  presence  and  absence  of  ATP 
analogues.  The  1,1  reflection  decreases  by  about  10%  at  a  rate  that 
depends  on  the  particular  ATP  analogue.  The  results  suggest  that  an 
EDC  tethered  crossbridge  becomes  more  orthogonal  to  the  thin  filament 
axis  when  strained. 

The  pattern  of  dissociation  of  thick  filaments  in  rigor  muscle 
fibers  fixed  for  electronmicroscopy  under  low  salt,  high  pH 
conditions  shows  that  crossbridges  from  a  given  myosin  subfilament 
can  attach  to  at  least  three  of  the  adjacent  thin  filaments. 
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Major  Findings: 

1.  In  the  course  of  previous  work  with  normal  and  dystrophic  human 
muscle  it  was  noticed  that  the  tension  produced  by  stretching  these 
relaxed  fibers  is  approximately  five  times  smaller  than  that 
produced  by  stretching  rabbit  psoas  muscle.  Since  proximal  limb 
muscles  (quadriceps  and  biceps)  were  used  in  the  human  muscle 
study,  limb  muscles  of  the  rabljit  were  examined  to  see  if  they 
showed  low  levels  of  resting  tension,  similar  to  that  found  in  the 
human  fibers.  Using  a  sensitive,  quantitative  electrophoretic 
technique,  the  individual  rabbit  soleus  muscle  cells,  as  well  as 
the  human  fibers,  were  found  to  contain  the  same  concentrations  of 
major  myofibrillar  proteins  as  the  rabbit  psoas  fibers.  The  five 
fold  difference  in  resting  tension  observed  is  therefore  not  due  to 
different  levels  of  elastic,  tension  bearing  -  proteins,  but 
indicates  a  qualitative  difference  within  these  proteins  at  the 
molecular  level. 

2.  Equatorial  X-ray  reflection  intensities  are  sensitive  to  the 
rotational  motion  to  the  actomyosin  crossbridge  which  is  often 

assumed  to  play  a  major  role  in  force  production. Conversely,- 

externally  applied  force  would  be  expected  to  change  the  angle  of 
the  attached  crossbridge.  However,  in  rigor  muscle,  in  which 
association  constant  of  the  crossbridges  is  large,  little  change 
was  observed  in  equatorial  reflections  upon  stretch.  Therefore  the 
present  study  was  done  in  the  presence  of  ATP  analogues  (PPi, 
AMPPNP)  to  reduce  the  association  constant,  while  preventing  the 
crossbridges  from  translocating  by  crossl inking  the  fiber  with  EDC. 
The  bundles  were  repeatedly  stretched  and  released  by  1%  of  their 
length  at  5  C  while  time-resolved  X-ray  patterns  were  collected 
using  a  laboratory  X-ray  source.  Without  crossl inking,  the  bundles 
showed  little  change  in  equatorial  reflections  upon  stretch  in  any 
solution.  With  crosslinking  (40%  of  the  crossbridges  are  estimated 
to  be  crosslinked)  ,  the  1,1  reflection  decreased  by  about  10%  upon 
stretch  in  4mM  MgPPi.  This  effect  was  almost  independent  of  the 
duration  of  stretch  ranging  from  100ms  to  100s,  and  only  with  50ms 
stretch,  the  1,1  showed  a  smaller  change.  In  ImM  MgAMPPNP,  the 
amplitude  of  change  in  1,1  increased  with  increasing  duration  of 
stretch  from  Is  to  100s  reaching  a  maximum  of  6%.  In  rigor,  little 
change  was  observed  with  5s  stretch,  but  5%  decrease  was  observed 
with  20  or  100s  stretch.  In  4  mM  MgATP,  the  decrease  of  1,1  was 
10%  and  independent  of  the  duration  of  stretch.  These  results 
reflect  the  biochemical  and  mechanical  rate  constants  in  various 
ligands  and  suggest  that  the  observed  changes  in  X-ray  pattern  are 
related  to  crossbridge  motion. 

3.  The  pattern  of  crossbridge  formation  between  the  thick  and  thin 
filaments  was  studied  in  the  rigor  state  by  using  low  salt,  high  pH 
conditions  to  dissociate  the  thick  filaments  and  monitoring  the 
detailed  structural  changes  by  electronmicroscopy  and  X-ray 
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diffraction.  In  the  part  of  the  A-band  that  contains  only  thick 
filaments  (the  H-zone)  ,  the  filaments  dissociated  mainly  into  three 
subf ilaments .  In  the  part  of  the  A-band  where  thick  and  thin 
filaments  interdigitate  and  actomyosin  crossbridges  are  present, 
the  thick  filaments  open  to  form  hollow  rings  and  then  numerous 
subf ilaments.  This  pattern  of  dissociation  indicates  that  the 
thick  filaments  are  made  up  of  three  parallel  subf  ilaments,  and 
that  the  crossbridges  from  each  subfilament  are  shared  by  at  least 
three  of  the  adjacent  actin  filaments. 

Project  Description: 

1.  To  work  out  the  molecular  mechanism  of  muscular  contraction. 

2.  To  understand  the  control  processes  for  contractility. 

3.  To  characterize  the  structures  and  processes  responsible  for 
the  high  degree  of  order  seen  in  striated  muscle  fibers. 

Methods  Employed: 

1.   Analysis  of  the  motion  and  the  X-ray  diffraction  pattern  of 
both  intact  muscle  fibers  and  "skinned"  fiber  segments  under 
chemically  controlled  conditions. 


2 .  Conventional  and  cryoelectronmicroscopy  of  muscle  fibers  fixed 
under  various  conditions. 

3.  Analysis  of  mechanical  and  structural  properties  of  muscle 
fibers  following  selective  degradation  of  the  megadalton 
muscle  proteins  (titin  and  nebulin)  by  high  energy  radiation 
and/or  enzymatic  digestion. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute: 

The  elucidation  of  molecular  mechanism  of  muscular  contraction, 
together  with  the  chemistry  of  the  activation  process,  is  useful  in 
the  rational  handling  of  musculoskeletal,  cardiovascular  and 
arthritic  diseases. 

Proposed  Course  of  Project: 

1.  The  study  by  X-ray  diffraction  of  the  influence  of  stress  on 
crossbridge  configuration  in  the  rigor  state  will  be  continued. 
The  possibility  of  modulating  this  effect  by  the  use  of  myosin 
subfragment  1  ligands  which  weaken  the  binding  between  actin  and 
myosin  will  be  examined.  At  present,  these  experiments  are  being 
done  using  a  laboratory  X-ray  source.  In  the  future,  it  is  planned 
to  make  use  of  a  brighter  source  (e.g.,  the  National  Synchrotron 
Light  Source  at  Brookhaven,  NY)  which  would  significantly  shorten 
the  amount  of  time  needed  for  data  collection. 
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2.  The  influence  of  biochemical  state  on  the  compliance  of  the 
titin  filaments,  which  link  the  thick  filaments  to  the  Z  discs, 
will  be  studied  in  skeletal  muscle  fibers. 

3.  The  structural  changes  associated  with  muscle  contraction  will 
be  studied  by  cryoelectronmicroscope  and  image  processing,  using 
techniques  worked  out  by  Trus  et  al.  (1989) . 

Publications 

Horowits  R,  Dalakas  M,  Podolsky,  RJ.  Single  skinned  muscle  fibers 
in  Duchenne  muscular  dystrophy  generate  normal  force.  Ann  Neurol 
1990;27:636-641. 

Horowits  R,  Maruyama  K,  Podolsky  RJ.  Elastic  behavior  of  connectin 
filaments  during  thick  filament  movement  in  activated  skeletal 
muscle.   J  Cell  Biol  1989;109:2169-2176. 

Podolsky  RJ,  Horowits  R,  Tanaka  H.  Ordering  mechanisms  in  striated 
muscle  fibers.  In  Frontiers  of  Muscle  Research,  Ozawa,  E  ed, 
Elsevier  Amsterdam  in  press. 


Yu  LC,  Podolsky  RJ.  Equatorial  X-ray  diffraction  studies  of  single 
skinned  muscle  fibers.  In  Molecular  Mechanisms  in  Muscle 
Contraction.  Squire,  JM  ed,  Macmillan,  London,  1990:265-286. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

We  have  been  studying  the  regulation  of  both  skeletal  and  smooth 
muscle.  In  skeletal  muscle  we  did  this  by  examining  the  calcium 
sensitivity  of  weakly  binding  crossbridges.  Since  it  was  very 
difficult  to  do  this  with  the  normally  occurring  weakly-binding 
myosin. ATP  crossbridge,  we  instead  found  a  way  of  creating  ATP- 
insensitive  weakly-binding  crossbridges.  This  was  accomplished  by 
treating  fibers  with  either  para-phenylenedimaleimide  (pPDM)  or  with 
N-phenyl  maleimide  (NPM) .  We  found  that  these  pPDM-  or  NPM- 
crossbridges,  in  the  presence  or  absence  of  ATP,  had  binding  strength 
and  attachment  and  detachment  rate  constants  virtually  identical  to 
normal  myosin. ATP  crossbridges.  Unlike  with  myosin. ATP  crossbridges, 
we  were  able  to  examine  the  calcium  sensitivity  of  these  artificially 
created  crossbridges  without  concern  about  the  effects  of  ATP 
hydrolysis.  As  postulated  for  myosin. ATP  crossbridges  based  upon 
solution  studies,  we  found  that  the  binding  strength  and  rate 
constants  of  the  pPDM-  and  NPM-crossbridges  in  fibers  are  relatively 
insensitive  to  changes  in  calcium  over  the  physiological  range. 

In  smooth  muscle  we  examined  the  molecular  mechanism  of  action 
of  two  compounds  which  stimulate  adenylate  cyclase  and  are  known  to 
relax  smooth  muscle,  vasoactive  intestinal  peptide  (VIP)  and 
isoproterenol.  Results  to  date  show  that  VIP,  when  it  causes 
relaxation,  also  causes  a  reduction  in  the  percentage  phosphorylation 
of  the  20  kDalton  smooth  muscle  myosin  light  chain.  In  vitro, 
phosphorylation  of  myosin  light  chain  kinase,  the  enzyme  that 
phosphorylates  the  myosin  light  chains,  reduces  its  activity.  We  are 
currently  examining  whether  a  similar  mechanism  of  regulation  might 
function  in  fibers.  To  date  we  have  labeled  the  ATP  pool  of  small 
samples  of  smooth  muscle,  isolated  the  kinase  through 
immunoprecipitation,  and  have  found  that  samples  relaxed  with  VIP 
have  increased  phosphate  incorporation.  We  are  currently  examining 
the  site  of  this  increased  phosphorylation  to  see  if  it  is  the  same 
as  the  site  phosphorylated  m  vitro. 
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OBJECTIVES;      To  understand  the  molecular  basis  of  muscle  contraction. 


METHODS  AND  MAJOR  FINDINGS: 

I)  Regulation  of  skeletal  muscle:  Properties  of  weakly-binding 
crossbridges  (Barnett) 

A  decade  ago  we  reported  the  discovery  of  weakly-binding  myosin -ATP 
crossbridges  in  normal  relaxed  muscle  fibers  and  two  years  ago  we  reported  two 
ways  of  artificially  creating,  in  muscle  fibers,  ATP-independent  weakly-binding 
crossbridges .   In  FY90  we  compared  the  kinetic  properties  of  these  artificially 
created  weakly-binding  crossbridges  with  the  physiologically  occurring  ones.   We 
were  surprised  to  learn  that  weakly-binding  crossbridges  created  either  with 
para-phenylenedimaleimide  (pPDM)  or  with  N-phenyl  maleimide  (NPM)  treatment  have 
binding  strength  and  attachment  and  detachment  rate  constants  virtually 
identical  to  normal  myosin -ATP  crossbridges.   Because  of  this  very  close 
similarity  between  pPDM-  or  NPM-treated  crossbridges  and  normal  relaxed 
crossbridges,  we  decided  to  use  the  artificially  created  weakly-binding 
crossbridges  as  a  model  for  the  normally-occurring  weakly-binding  bridges,  and 
to  do  experiments  extremely  difficult  with  the  normally-occurring  myosin -ATP 
crossbridge.   This  approach  is  similar  to  that  of  Drs .  Jody  Dantzig  and  Yale 
Goldman  who  used  the  ATP-y-S  crossbridge  as  a  model  for  the  normal 
weakly-binding  crossbridge .   Our  approach  is  significantly  better  than  theirs 
because  the  ATP-y-S  crossbridge,  unlike  the  pPDM-  and  NPM-crossbridge,  has 
kinetics  that  differ  svibstantially  from  those  of  the  normal  weakly-binding 
crossbridge . 

If  one  attempts  to  examine  the  Ca^'^'-sensitivity  of  the  normal  myosin -ATP 
crossbridges,  release  of  phosphate  is  accelerated  and  one  is  left  with 
strongly-binding -myosin -ADP  crossbtidges .   To  avoid  this  problem  and  still  learn 
about  the  Ca2"'"-sensitivity  of  weakly-binding  crossbridges,  in  FY90  we  examined 
the  Ca2'''-sensitivity  of  the  weakly-binding  crossbridges  created  with  pPDM  and 
NPM  treatment.   We  found  that  the  rate  constants  and  binding  constants  of  the 
weakly-binding  pPDM-  and  NPM-crossbridges  were  insensitive  to  changes  in  [Ca^"*"] 
over  the  physiological  range.   This  is  an  important  result  with  regard  to  the 
mechanism  of  muscle  regulation  in  fibers  because  it  provides  additional 
suggestive  evidence  that  the  regulation  of  muscle  activity  resembles  the 
regulation  of  the  actorayosin  ATPase  in  solution  and  not  the  mechanism  postulated 
by  the  classic  steric  blocking  model  of  muscle  relaxation.   That  model  states 
that  muscle  regulation  is  due  to  the  effect  of  Ca^"*"  on  the  binding  strength  of 
weakly-binding  myosin. 

II)  Regulation  of  smooth  muscle  (Moussavi,  Qian) 

In  FY90  we  continued  to  develop  techniques  required  for  examining  the 
biochemical  changes  in  small  tissue  samples.   Using  Western  blotting  with  an 

IOC 

■^■'-'I-con jugated  second  antibody,  we  have  developed  an  extremely  sensitive 
radio-assay  for  detecting  the  percentage  of  20-kDalton  myosin  light  chain 
phosphorylation  in  very  small  preparations  of  tracheal  smooth  muscle.   We  are 
examining  the  mechanism  of  action  of  two  muscle  relaxants  known  to  stimulate 
adenylic  cyclase,  vasoactive  intestinal  peptide  (VIP)  and  isoproterenol.   In 
experiments  recently  concluded  we  have  documented  that  VIP,  at  the  same  time  it 
causes  tracheal  smooth  muscle  relaxation,  also  causes  a  decrease  in  the 
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percentage  of  myosin  light  chain  phosphorylation  in  fibers  stimulated  with 
substance  P.   Although  experiments  with  isoproterenol  are  still  ongoing,  we  are 
carrying  the  project  a  step  further  by  examiniVig  how  VIP  regulates  the  amount  of 
myosin  light  chain  phosphorylation. 

In  vitro  it  has  been  shown  that  myosin  light  chain  kinase,  the  main  enzyme 
responsible  for  phosphorylating  myosin  light  chain,  is  itself  a  phosphorylatable 
protei"    Additionally,  phosphorylation  of  myosin  light  chain  kinase  in  vitro 
reduces  its  activity.   To  see  if  such  a  regulatory  mechanism  might  be 
functioning  in  intact  smooth  muscle,  we  worked  out  a  procedure  for  isolating  the 
majority  of  myosin  light  chain  kinase  from  small  specimens  of  smooth  muscle 
tissue.   The  procedure  involved  imunoprecipitation  and  isolated  more  the  90%  of 
the  cells'  myosin  light  chain  kinase.   By  stimulating  the  smooth  muscle  after 
its  ATP  pool  had  been  equilibrated  with  ^^P,  we  were  able  to  show  that  the 
kinase  is  indeed  phosphorylated .   Experiments  are  currently  underway  to  digest 
the  kinase  with  trypsin,  do  2-D  peptide  mapping,  and  examine  whether  the  site 
phosphorylated  is  the  same  as  the  one  shown  to  regulate  myosin  light  chain 
kinase  in  vitro.  This  work  is  done  in  close  collaboration  with  Drs .  Robert 
Adelstein  and  James  Sellers  of  the  Laboratory  of  Molecular  Cardiology,  NHLBI. 

SIGNIFICANCE  TO  BIOMEDICAL  RESEARCH  AND  THE  PROGRAM  OF  THE  INSTITUTE: 
Experiments  on  the  mechanism  of  muscular  contraction  are  important  in  that  they 
contribute  to  a  sound  undejcsJianding  of  how  normal  muscle  works.   This,  in  turn^ 
"Trs^  useful  in  understanding  diseased  muscle.   Furthermore,  the  high  degree  of 
organization  of  the  contractile  proteins  in  skeletal  muscle  makes  this  a 
particularly  useful  system  for  elucidating  contractile  mechanisms,  some  of 
which  may  be  common  to  the  cellular  and  svibcellular  motions  of  other,  less 
easily  studied,  cells.   Understanding  the  regulation  of  smooth  muscle  of 
course,  likely  holds  the  answer  to  any  number  of  important  cjuestions,  one  of 
them  being  the  etiology  of  essential  hypertension. 

FUTURE  COURSE:  We  hope  to  continue  to  study  the  behavior  of  weakly-binding 
crossbridges  by  designing  experiments  that  exploit  our  ability  to  make 
ATP -independent  weakly-binding  crossbridges.   Additionally,  while  we  were 
attempting  to  produce  weakly-binding  crossbridges  with  pPDM,  we  discovered  that 
pPDM,  in  addition  to  reacting  with  myosin,  also  reacts  with  a  higher  molecular 
weight  protein  in  the  fiber.   We  hope  to  follow  this  up,  exploring  whether  this 
protein  is  titan,  and  also  whether  crosslinking  of  titan  may  underly  the 
mechanism  by  which  pPDM  treatment  causes  an  increase  in  fiber  resting  tension. 
Finally,  we  hope  to  continue  to  investigate  the  way  in  which  VIP  lowers  myosin 
light  chain  phosphorylation  when  it  causes  smooth  muscle  relaxation. 

PUBLICATIONS : 

Corson  MA,  Sellers  JR,  Adelstein  RA,  Schoenberg  M.  Substance  P  contracts 
bovine  tracheal  smooth  muscle  via  activation  of  myosin  light  chain  kinase.   Am  J 
Physiol  1990;  in  press. 
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SUMMARY  OF  WORK  (Us«  standard  unreducad  type.  Do  not  axcMd  (Tm  spaca  providod.) 


Target  analysis  of  the  inactivation  of  biological  activity  by 
ionizing  radiation  was  applied  to  several  major  problems  including 
the  avian  lectin  receptor,  the  sodium/glucose  cotransporter ,  and 
the  cholesterol  regulatory  enzyme  ACAT. 


Objectives:  1)  An  understanding  of  the  nature  of  active  structures 
in  vivo  which  are  involved  in  biochemical  processes,  principally  by 
means  of  the  technique  of  inactivation  by  ionizing  radiation. 
2)  Detailed  knowledge  of  the  molecular  damage  caused  by  ionizing 
radiation  and  of  the  mechanisms  of  the  transfer  of  radiation  energy 
throughout  these  structures. 

Methods:   1)   General  biochemical  techniques  including  enzyme 

reactions,  fluorescence,  and  gel  electrophoresis. 

2)  Ionizing  radiation,  usually  high  energy  electrons  from  a  linear 

accelerator,   to   expose   samples   under   carefully   controlled 

conditions. 
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Major  findings: 

The  intestinal  brush  border  membrane  sodium/glucose 
cotransporter  is  the  best  known  eukaryotic  system  demonstrating 
ion-coupled  transport,  but  structure-function  relationships  of  the 
cotransporter  in  the  native  membrane  have  been  lacking.  Using 
radiation  inactivation  it  was  shown  that  the  cotransporter 
functions  in  the  meit±)rane  as  a  290  kDa  homotetramer  comprised  of 
four  independently-inactivated  73  kDa  subunits.  These  subunits 
work  in  concert  and  an  individual  subunit's  activity  can  only  be 
manifested  by  the  interaction  of  all  the  other  components.  At  the 
extracellular  surface  sodium  binds  to  the  cotransporter,  which 
results  in  a  conformational  change  that  permits  glucose  to  bind  to 
the  glucose-binding  site.  With  both  species  bound,  the 
cotransporter  undergoes  a  new  conformational  shift,  placing  sodium 
and  glucose  near  the  inner  surface  of  the  membrane.  Sodium  and 
glucose  are  then  released  to  the  cytoplasm,  thereby  triggering  a 
cotransporter  conformational  shift  to  expose  the  binding  sites  once 
again  to  the  extracellular  surface  of  the  membrane.  The 
cotransporter  thus  again  assumes  the  optimal  conformation  for 
binding  extracellular  sodium  and  glucose. 

In  mammalian  liver,  carbohydrate-specific  receptors  (composed 
of  two  or  three  polypeptide  species)  recognize  and  clear 
circulating  glycoproteins.  Avian  liver  does  not  recognize 
asialoglycoprotexns,  but  does  contain  a  receptor  capable  of  binding 
N-acetylglucosamine-terminated  glycoproteins.  .  This  receptor 
(composed  of  only  one  polypeptide  species)  shows  remarkable  amino 
acid  sequence  homology  to  the  mammalian  asialoglycoprotein 
receptor.  Radiation  inactivation  revealed  that  the  receptor  in  the 
avian  plasma  membrane  functions  as  a  trimer.  Sedimentation 
equilibrium  analysis  shows  that  on"extraction  into  detergent ,  the 
avian  purified  receptor  forms  a  heterogeneous  population  of 
irreversible  oligomers  that  exhibit  binding  activity  proportional 
to  size.  This  state  of  aggregation,  as  with  the  asialoglycoprotein 
receptor,  may  be  indicative  of  membrane  events  that  are  involved  in 
ligand  internalization. 

Cholesterol  is  required  by  all  mammalian  cells  for  the  proper 
functioning  of  cellular  membranes.  Most  cellular  cholesterol  is 
found  esterified  to  long-chain  fatty  acids.  The  esterification  is 
catalyzed  by  the  enzyme  acyl-CoA: cholesterol  acyl transferase 
(ACAT) ,  one  of  a  family  of  acyl-CoA  acyltranferases  which  involve 
other  acceptors  such  as  retinol  and  carnitine.  Because  of  its 
central  role  in  cellular  cholesterol  metabolism,  there  has  been 
great  interest  in  the  properties  and  regulation  of  ACAT  but  it  has 
not  been  successfully  purified  from  the  endoplasmic  reticulum. 
Clearly,  the  ACAT  enzyme  must  have  separate  binding  sites  for 
cholesterol  and  for  acetyl-CoA.  Radiation  inactivation  of  rat 
microsomes  revealed  a  target  size  of  180  kDa.  A  related  microsomal 
enzyme,  Acetyl-CoA  hydrolase  (ACH)  revealed  a  complex  inactivation 
curve  resembling  those  due  to  an  enzyme-inhibitor  complex,  and 
leading  to  an  enzyme  target  size  determination  of  45  kDa. 
Estimates  of  the  size  of  the  inhibitor  are  in  the  range  of  100-2  00 
kDa.   It  was  proposed  that  the  ACAT  enzyme  was  composed  of  two 
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independently-inactivated  regions,  one  of  which  binds  cholesterol. 
The  other  region  binds  acetyl-CoA,  and  either  transfers  the  acetyl 
group  to  cholesterol,  or  (in  the  alDsence  of  cholesterol)  hydrolyzes 
the  acetyl -CoA.  The  cholesterol-binding  region  of  ACAT  in  effect 
becomes  an  inhibitor  for  the  hydrolase  activity.  This  model 
predicts  that  the  hydrolase  and  acetyltransferase  activities  will 
depend  on  cholesterol  concentration,  and  the  increase  in  ACAT 
activity  will  be  mirrored  by  an  equal  decrease  in  ACH  activity. 
These  predictions  were  confirmed  experimentally.  Conversely  to  the 
inhibitoiY  action  of  cholesterol,  the  hydrolase  activity  can  be 
considered  a  regulator  for  the  ACAT  function.  Such  regulation  may 
be  a  general  phenomenon  which  applies  to  other  members  of  the 
acetyl-CoA  transferase  family  and  would  be  revealed  by  the  presence 
of  inherent  ACH  activity  which  is  depressed  by  the  other  acceptors. 

Future  course: 

Two  line^  of  research  will  be  continued.  Fundamental  studies 
of  radiation  include  a) the  nature  of  energy  transfer  between  and 
along  polymers;  b)  examination  of  radiolytic  fragments  from  proteins 
of  known  structure;  and  c)  examination  of  confoirmational  changes  in 
irradiated  macromolecules .  Applications  of  target  analysis  to 
important  biochemical  problems  includes  soluble  glutathione  S- 
transf erases,  ferrochelatase,  and  phospholipases. 

Publications: 

Bolger  GT,  Skolnick  P,  Kempner  ES.  Radiation  inactivation  reveals 
discrete  cation  binding  sites  that  modulate  dihydropyridine  binding 
sites.  Mol  Pharmacol  1989;36:327-332. 

Ozasa  S,  Kempner  ES,  Erickson  SK,  Functional  size  of  acyl  coenzyme 
a :  diacylglycerol  acyl  transferase  by  radiation  inactivation.  J  Lipid 
Res  1989;30:1759-1762. 

Stevens  BR,  Fernandez  A,  Hirayama  B,  Wright  EM,  Kempner  ES. 
Intestinal  Brush  Border  Membrane  Na*, Glucose  Cotransporter 
Fiuictions  in  situ  as  a  Homotetramer.  Proc  Nat'l  Acad  Sci  USA  1990; 
87:1456-1460. 

Steer  CJ,  Osborne  JC  Jr,  Kempner  ES.  Functional  and  Physical 
Molecular  Size  of  the  Chicken  Hepatic  Lectin  Determined  by 
Radiation  Inactivation  and  Sedimentation  Equilibrium  Analysis.  Jour 
Biol  Chem   1990;265:3744-3749. 

Billheimer  JT,  Cromley  DA,  Kempner  ES.  The  Functional  Size  of  Acyl- 
CoA:  Cholesterol  Acyltransf  erase  and  Acyl-CoA  Hydrolase  as 
Determined  by  Radiation  Inactivation.  Jour  Biol  Chem  1990, -265:  8632- 
8635. 

Kempner  ES,  Osborne  JC  Jr,  Reynolds  L,  Deems  R,  Dennis  EA.  Analysis 
of  Lipases  by  Radiation  Inactivation.   Meth  Enzymol   (in  press)  . 
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myelin.  In  contrast,  total  lipid  extracts  from  pathological 
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Objectives: 

The  principal  goals  of  this  project  are  to  describe  the 
processes  of  meiabrane  assembly,  and  to  identify  the  conditions 
which  lead  to  breakdown  of  the  normal  membrane  structure.  Recent 
observations  indicate  that  the  assembly  process  for  the  membrane 
lipid  bilayer  is  a  critical  phenomenon  in  which  the  ambient 
temperature  of  the  cell  (its  physiological  temperature)  is  a 
critical  point;  associated  with  each  critical  bilayer  assembly 
temperature  is  a  lipid  composition  that  is  characteristic  of  the 
cell  and,  like  the  temperature,  exhibits  critical  properties. 
Current  objectives  have  focussed  on  extendingr  the  concept  that  the 
most  stable  membrane  is  in  the  critical  bilayer  state,  and  on 
assessing  the  physiological  consequences  when  the  critical 
conditions  of  temperature  or  lipid  composition  for  bilayer 
stability  are  violated. 

Methods : 

Substantial  progress  has  been  made  in  the  measurement  of  the 
critical  temperature  and  membrane  lipid  composition.  Development  of 
quantitative  methods  for  total  analysis  of  membrane  lipids  has  been 
partially  achieved.  HPLC  methods  have  been  used  to  separate 
membrane  phospholipids  of  brain  tissue.  Among  the  phospholipids  the 
diglyceride  composition  of  the  phosphatidylethanolamine  (PE)  and 
phosphatidylcholine  (PC)  classes  have  been  quant itated  by 
conversion  of  the  phospholipid  to  the  dinitrobenzoyl  diglyceride. 
The  method  entails  enzymatic  conversion  of  the  phospholipid— to  the 
diglyceride  usinq  phospholipase  C  from  B.  cereus,  followed  by 
reaction  with  dinitrobenzoyl  chloride  in  pyridine.  For  each 
phospholipid  class  upwards  of  30  distinct  diqlycerides^  each  with 
a  unique  pair  of  fatty  acids,  has  been  identified  and  quantitated 
by  HPLC. 

The  thermodynamic  methods  previously  reported  for  measuring 
critical  bilayer  assembly  temperatures  T*  have  now  been 
supplemented  by  a  direct  calorimetric  method.  The  heat  capacity  of 
aqueous  dispersions  of  phospholipids  have  been  measured  as  a 
function  of  temperature  with  a  newly  developed  calorimeter;  as 
predicted,  an  anomoly  in  the  heat  capacity  occurs  at  T*.  A  patent 
application  for  the  calorimeter  design  is  currently  in  preparation. 

Major  findings: 

A)   Calorimetry  of  critical  bilayer  assembly 

The  critical  bilayer  assembly  temperature  T*,  in  principle, 
may  be  found  for  aqueous  phospholipid  dispersions  at  the  terminus 
of  a  second-order  phase  transition.  This  assertion  is  based  on  a 
thermodynamic  analysis  of  the  equilibrium  surface  film  properties 
of  phospholipid  dispersions.  While  this  analysis  is  rigorous,  and 
provides  a  general  approach  for  obtaining  T*,  it  is  laborious  and 
time-consuminq.  Using  a  newly  designed,  quasi-adiabatic 
calorimeter,  in  which  the  heat  capacity  is  measured  as  a  function 
of  temperature,  T*  for  dispersions  of  dimyristoylphosphatidyl- 
choline  (DMPC)  have  been  measured.  Previous  studies,  using  surface 
chemical  methods,  gave  T*  for  this  lipid  as  29  °C  compared  to 
28.9±0.01'C  obtained  with  the  quasi-adiabatic  calorimeter.  The 
calorimeter  measurement  has  several  notable  advantages:  it  provides 
a  precise  measure  of  the  heat  of  bilayer  assembly  and  the  critical 
temperature,  and  it  allows  T*  to  be  measured  within  several  days 
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instead  of  the  normal  period  of  weeks^  required  by  the  previous 
technique. 

B)  Membrane  bilayer  instability  and  pathogenesis  of  myelin 
disorders 

Ticcordin^  to  the  critical  state  theory  of  bilayer  assembly 
both  the  ambient  temperature  and  the  lipid  composition  of  the 
membrane  are  critical  conditions  for  membrane  stability.  If  the 
critical  conditions  are  no  longer  met  the  theory  predicts  that 
membrane  bilayers  will  degenerate  with  potentially  lethal 
consec[uences  for  the  cell.  This  mechanism  for  membrane 
degeneration  has  been  found  to  be  relevant  for  assessing 
demyelination  in  patients  with  metachromatic  leukodystrophy  (MLD) ; 
patients  with  MLD  exhibit  a  deficiency  of  arylsulfatase  A  which  is 
manifested  in  the  accumulation  of  cerebroside  sulfate  in  myelin. 
We  have  measured  T*  for  total  lipid  extracts  from  normal  neural 
tissues  and  for  myelin  lipids  from  a  patient  with  MLD;  T*  for  the 
normal  myelin  was  37 "C,  while  for  the  MLD  myelin  it  was  30 'C.  This 
change  in  T*  from  the  normal  jihysiological  temperature  can  be  due 
only  to  a  defect  in  the  lipid  composition,  since  the  lipid 
preparations  are  protein-free.  Under  these  conditions  the  critical 
state  theory  predicts  that  an  accumulation  of  cerebroside  sulfate 
in  excess  of  the  normal  amount  in  myelin  would  lead  to  a  lowering 
of  T*  and  concomitantly  demyelination-.  We  have  also  examined  the 
myelin^^biplds  for  another  demj^elinating  disorder,  multiple 
sclerosis  (MS) ,  where  the  process  is  believed  to  occur  by  immune- 
mediated  mechanisms  and  not  by  a  membrane  lipid  defect.  The 
critical  bilayer  temperature  for  these  lipids  is  37 "C,  consistent 
with  the  general  belief  that  MS  demyelination  occurs  by  a  non-lipid 
dependent  mechanism. 

Publications : 

Gershfeld  NL.  Spontaneous  assembly  of  a  phospholipid  bilayer  as  a 
critical  phenomenon:  influence  of  temperature,  composition,  and 
physical  state.  J  Phys  Chem  1989;93:5256-5261. 

Gershfeld  NL.  The  critical  unilamellar  lipid  state;  a  perspective 
for  membrane  bilayer  assembly.  Biochim  Biophys  Acta  19 89; 988:335- 
350. 

Ginsberg  L,  Gilbert  DL,  Gershfeld  NL.  Membrane  bilayer  assembly  in 
neural  tissue  of  rat  and  squid  as  a  critical  phenomenon:  influence 
of  temperature  and  membrane  proteins.  J  Membrane  Biology  (in 
press) . 
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The  main  thrust  of  the  laboratory  is  focussed  on  the  influence  of  pressure  on  the 
blood  coagulation  system,  including  both  hemostasis  and  thrombosis.  The  molecular 
mechanism  of  platelet  interactions  in  DIPA  (decompression-inducible  platelet 
aggregation)  has  been  investigated  for  the  past  several  years  and  is  still  contin- 
uing. We  have  found  that  the  molecular  mechanism  of  DIPA  can  be  explained  by  the 
interactions  of  oppositely  charged  amino  acfd  residues,  i.e.,  positively  charged 
arginyl  residues  interact  with  negatively  charged  aspartyl  residues.  We  found 
this  to  be  the  molecular  mechanism  in  AMS  (acute  mountain  sickness);  vascular 
occlusion  has  been  observed  in  the  small  blood  vessels  in  the  web  of  the  frog's 
foot  and  in  the  ear  of  the  mouse.  Photomicrographs  were  made  showing  platelets 
adhering  to  each  other  and  to  the  blood  vessel  wall.  We  found  that  AMS  can  be 
prevented  in  the  frog  andin  the  mouse  by  the  drug  piracetam,  administered  by 
stomach  tube  prior  to  simulated  ascent.  At  the  beginning  of  the  project  I  had 
assumed  that  DIPA  is  accompanied  by  a  volume  increase  and  that  there  is  a  neutra- 
lization of  positive  and  negative  charges.  The  measurement  of  this  increment  is 
now  being  determined  by  using  a  specially  constructed  volumetric  flask.  The 
experimental  findings  of  the  past  year  confirmed  our  hypothesis  that  AMS  is  a 
vascular  occlusive  disease. 
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Major  Findings: 

During  the  past  year  we  found  that  the  mechanism  of  DIPA  was  due  to 
self-adhesion  (aggregation)  of  platelets  and  their  adhesion  to  the 
blood  vessel  wall  in  the  small  blood  vessels  in  the  web  of  the 
frog's  foot  and  we  observed  similar  stoppage  of  blood  flow  in  the 
ear  of  the  mouse.  We  found  that  vascular  occlusion  could  be 
prevented  in  the  mouse  as  well  as  in  the  frog  by  the  oral 
administration  of  the  drug  piracetam.  The  experimental  findings 
confirmed  our  hypothesis  that  AMS  is  a  vascular  occlusive  disease 
We  found  that  the  volume  increase  of  PRP  in  DIPA  is  approximately 
2.5  percent  (v/v) ,  i.e.,  25  cc  per  liter  of  packed  human  platelets. 

Project  Description: 

Objectives:  The  main  objectives  are  to  investigate  the  molecular 
mechanism  underlying  spontaneous  aggregation  of  human  platelets 
induced  by  decompression,  DIPA  (acronym  for  decompress ion- 
inducible  platelet  aggregation)  and  the  molecular  mechanisms  to 
prevent  and/or  inhibit  DIPA.  DIPA  is  fibrinogen-dependent;  any 
mechanism  which  can  block  fibrin  (ogen)  aggregation  could  also  block 
the  initial  stages  of  human  platelet  aggregation.  This  can  be  done 
by  neutral  salts  and  also  (at  a  lower  concentration)  by  a  molecule 
having  a  large  electric  dipole  moment  such  as  the~  drug" piracetam, 
which  blocks  fibrin  polymerization  and  inhibits  DIPA.  Other 
investigators  have  shown  that  the  amino  acid  residues  involved  in 
the  specific  recognition  site  on  the  platelet  membrane  and  in  the 
binding  site  of  fibrin  (ogen)  is  the  peptide  sequence 
Arg.Gly.Asp.Ser  (R.G.D.S)  We  showed  that  R.G.D.S  causes  50% 
inhibition  of  DIPA  at  about  3  mM.  Atomic  scale  models  suggest  that 
R.G.D.S  is  a  sufficient  and  necessary  sequence  for  the  interaction 
of  juxtaposed  counter-charged  amino  acid  residues  during  DIPA. 
therefore,  it  seems  reasonable  to  assume  that  under  compression 
(positive  pressure)  ,  the  dimer  of  R.G.D.S  would  dissociate,  thereby 
decreasing  the  volume  of  the  solution.  There  is  a  second  mechanism 
in  the  volume  decrease  of  the  solution:  the  breaking  of  hydrogen 
bonds . 

Methods  Employed: 

Platelet  aggregation  was  investigated  by  microscopic  examination, 
by  the  change  in  light  absorbance  at  380  nm  of  PRP  (platelet-rich 
plasma) ,  and  also  by  the  nephelometric  method  of  Born.  Further 
data  were  obtained  at  the  U.S.  Naval  Med.  Res.  Inst,  where  a 
Chronolog  Aggregometer  was  available.  Currently  we  are  using  32P 
as  orthophosphate  in  PRP  concentrate.  The  influence  of  pressure  on 
phosphorylation  is  being  studied  by  conventional  SDS-PAGE  and 
autoradiography  of  the  dried  gel  slab.  In  order  to  investigate 
DIPA  in  vivo,  mice  were  decompressed  at  253  torr  (pressure  at  the 
top  of  Mt.  Everest) .  The  mice  were  removed  from  the  chamber  and 
the  microcirculation  in  the  ear  was  observed  microscopically. 
Clumps  of  platelets  appeared  to  be  lodged  in  the  very  small  blood 
vessels,  obstructing  the  flow  of  blood. 
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Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute: 

The  spontaneous  aggregation  of  platelets  appears  to  be  important  in 
understanding  how  some  other  cells  are  aggregated.  Pli^^telets  are 
cytoplasmic  fragments  of  megakaryocytes  whose  only  known  function 
is  to  form  the  hemostatic  plug.  While  normally  helpful,  there  are 
not  events  in  which  spontaneous  aggregation  of  platelets  is  not 
desirable:  platelet  aggregation  due  to  reduced  barometric  pressure 
causes  AMS  (acute  mountain  sickness)  ;  also,  platelet  aggregation  is 
induced  by  decompression  in  surfacing  after  deep  sea  diving  (this 
problem  is  further  complicated  by  the  "bends") .  Understanding  the 
basic  mechanism  of  DIPA  should  be  of  value  in  finding  means  to 
prevent  aggregation  of  platelets.  The  mechanism  of  recompression 
of  divers  who  suffer  acute  decompression  sickness  after  deep  sea 
diving  can  be  investigated  by  in  vitro  methods.  Compression  can 
reverse  and/or  inhibit  platelet  aggregation.  Cardiovascular 
problems  appear  to  arise  from  DIPA.  This  appears  to  take  place 
because  of  the  paradoxical  Bernoulli  principle:  where  the  velocity 
of  the  blood  is  high  (as  in  arteriostenosis)  ,  pressure  is  low,  thus 
the  decompression.  We  also  hypothesize  that  there  is  contact 
activation  of  platelets  due  to  shear  (there  is  a  pressure  gradient 

"from" the"~duter  wall  of  the  artery_±Q its  core)  .   Relatively  Tow 

hydrodynamic  decompression,  super  imposed  upon  contact  activation, 
can  occur  concomitantly  at  a  bifurcation  of  an  artery  and  can  cause 
massive  platelet  aggregation  as  in  a  heart  attack.  We  will 
continue  to  investigate  the  molecular  mechanism  of  DIPA  and  ways  of 
preventing  undesirable  platelet  aggregation. 

Proposed  Course  of  Project: 

It  is  important  to  confirm  the  basic  assumption  of  DIPA:  there  is 
a  volume  increase  of  human  PRP  during  DIPA.  It  was  assumed  that 
there  is  a  volume  increase  when  electrically  charged  groups 
interact,  thus  neutralizing  the  opposite  charges.  This  produces 
concomitant  relaxation  of  electrostriction,  accompanied  by 
randomization  of  the  organized  water  molecules  surrounding  the 
charged  residues.  In  this  stage  of  our  experiments,  we  will 
measure  the  volume  increase  during  DIPA. 

Publications: 

Murayama  M.  DIPA  (decompression-inducible  platelet  aggregation)  and 
hemostasis:  vascular  occlusion  and  its  prevention,  in  the  web  of 
the  frog's  foot.   Thrombosis  Res   1989;54:493-8. 

Murayama  M.  AMS  (acute  mountain  sickness) ,  a  vascular  occlusive 
disease.   Medical  Hypothesis  1990;  31:189-95. 

Murayama  M.  Decompress ion- induced  hemostasis  in  mice:  High 
altitude  simulation  in  the  Everest  Chamber.  Thrombosis  Res 
1990;57:813-6. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

We  have  continued  investigating  mechanism  of  muscle  contraction  by 
correlating  structural,  mechanical  and  biochemical  techniques  applied 
to  muscle  fibers.   In  FY  1990,  the  following  results  are  obtained: 

(A)  Precursors  to  force  generation:  It  has  been  proposed  that  during 
muscle  contraction,  crossbridges  cycle  between  weak-  and  strong- 
binding  states,  and  that  force  generation  occurs  as  the  result  of  a 
transition  from  the  weak  to  the  strong  binding  states.  We  have  now 
shown  that  if  the  attachment  of  crossbridges  to  actin  is  blocked  in 
the  weak  binding  states,  active  force  level  is  inhibited.  The 
results  show  that  within  the  cyclic  interactions  of  crossbridge  with 
actin,  the  crossbridges  are  required  first  to  be  bound  to  actin  in 
the  weakly  bound  states  before  generating  active  force,  i.e.  force- 
generating  states  are  accessible  only  from  attached  weak-binding 
precursors . 

(B)  Effect  of  calcium  on  the  affinity  of  crossbridges  to  actin: 
According  to  the  steric  blocking  model  of  calcium  regulation  in 
muscle,  the  affinity  of  crossbridges  to  actin  is  greatly  affected  by 
calcium.  However,  we  have  shown  that  in  the  presence  of  ATPgS,  an 
ATP  analog,  calcium  does  not  affect  the  affinity  of  crossbridge  to 
actin.  Rather,  the  kinetics  of  binding  is  affected.  This  finding  is 
inconsistent  with  the  steric  blocking  model. 

(C)  Stiffness  of  the  crossbridges  in  the  radial  direction:  One 
mechanical  property  of  crossbridges,  i.e.  stiffness,  in  the  direction 
perpendicular  to  the  fiber  axis  is  shown  to  depend  on  the  state  of 
crossbridges.  The  differences  in  radial  stiffness  probably  reflects 
structure  differences  in  the  binding  of  crossbrid(^es  to  actin.  This 
finding  also  raises  the  cjuestion  whether  axial  stiffness  is  the  same 
for  all  crossbridge  states,  which  is  commonly  assumed. 
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Project  Description: 

To  understand  the  acto— myosin  (crossbridge)  interactions  in  muscle  by 
studying  the  structural  and  mechanical  properties  of  the  crossbridges  during 
various  phases  of  contraction „ 

Methods  Employed: 

Low  angle  equatorial  X— ray  diffraction  from  single  deraembranated  muscle 
cells  under  various  interventions  are  obtained  to  study  the  structure  of 
contractile  proteins  and  their  interactions  during  such  interventions.  These 
stiructural  studies  are  correlated  with  mechanical  properties  of  the  muscle,  such 
as  force,  velocity  and  stiffness,  under  the  same  conditions,  so  that  the 
structural  information  obtained  from  diffraction  studies  are  related  to  functions 
of  muscle. 

Major  Findings: 

(1)  It  has  been  proposed  that  the  actomyosin  ATPase  cycles  (crossbridge 
cycles)  include  several  energetically  distinct  states.  The  cycle  can  be  divided 
into  two  groups  of  states  characterized  by  the  strength  of  binding  between  actin 
and  myosin  —  the  weak  binding  states  and  the  strong  binding  states.  Force 
generation  probably  involves  a  transition  from  the  weak  to  the  strong  binding 
states.  There  have  been  experimental  evidence  for  the  existence  of  crossbridges 
bound  to  actin  In  the  weak  binding  states  both  in  the  relaxed  and  a:ctivatied 
muscle  fibers.  However,  the  physiological  significance  of  the  weak  binding 
states  has  been  a  subject  of  debate.  We  now  have  evidence  that  crossbridges 
bound  to  actin  in  the  weak  binding  states  are  essential  precursors  to  force 
generation. 

Caldesmon,  a  regulatory  protein  found  in  smooth  muscle,  specifically 
inhibits  binding  of  crossbridges  in  the  weak  binding  states.  When  caldesmon  is 
added  to  skinned  striated  muscle  fibers,  both  X— ray  diffraction  and  mechanical 
measurements  indicate  that  the  number  of  crossbridges  bound  to  actin  in  the  weak 
binding  states  decreases  as  the  concentration  of  caldesmon  increases. 
Accompanying  the  inhibition,  the  active  force  level  generated  by  the  muscle  is 
found  to  decrease.  This  is  the  first  evidence  showing  that  the  weak  binding 
states  are  essential  intermediates  for  force  generation  in  vertebrate  muscle. 

(2)  The  role  of  calcium  in  contraction  regulation  was  investigated.  Until 
recently,  a  generally  accepted  model  for  calcium  activation,  the  steric  blocking 
model,  states  that  in  the  relaxed  state  the  crossbridges  are  blocked  sterically 
from  interacting  with  actin  and  calcium  removes  the  blocking  upon  activation. 
In  this  hypothesis,  calcium  should  greatly  affect  the  affinity  of  crossbridge  to 
actin.  One  of  the  difficulties  in  directly  testing  the  role  of  calcium  in  muscle 
regulation  is  that  activation  renders  binding  studies  technically  difficult.  We 
have  used  (in  collaboration  with  B.  Brenner)  equatorial  X-ray  diffraction  and 
mechanical  measurements  to  study  the  effects  of  calcium  on  the  actin  affinity  of 
crossbridges  in  the  presence  of  an  ATP  analog,  ATPgS .  Crossbridges  in  the 
presence  of  ATPgS  but  in  the  absence  of  calcium  exhibited  identical  binding 
characteristics  as  observed  in  relaxed  muscle.  It  is  found  that  calcium  in  the 
presence  of  ATPgs  only  slightly  increases  the  actin  affinity,  whereas  the 
kinetics  of  crossbridge  binding  are  significantly  affected.  The  findings  are 
contrary  to  the  predictions  of  the  steric  blocking  model.  Hence  steric  blocking 
is  not  likely  the  mechanism  of  muscle  regulation. 
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(3)  Elpsticity  of  the  crossbridges,  for  lack  of  contrary  evidence,  has  been 
assumed  to  be  the  same  for  all  crossbridge  states.  Mechanical  measurements  of 
axial  stiffness  cannot  determine  if  this  assumption  is  correct.  We  have  shown 
that  crossbridges  exhibit  elastic  properties  not  only  in  the  axial  direction  but 
also  in  the  radial-  direction.  We  have  further  evidence  that  the  radial  elastic 
property  of  the  crossbridge  depends  on  the  physiological  state  of  the  muscle  and 
is  affected  by  the  attached  ligand  on  myosin.  Nucleotides  and  analogs  such  as 
ATPgS,  PPj ,  and  ADP  changed  the  radial  elasticity  of  the  crossbridges  rather 
significantly.  Such  changes  are  not  due  to  changing  the  number  of  crossbridges 
attached  to  the  actin.  Thus  the  assumption  that  the  axial  elasticity  being  the 
same  may  not  be  valid.  Furthermore,  the  elastic  property  in  the  radial  direction 
can  be  used  as  an  effective  indicator  of  conformational  differences  of 
crossbridge  attachment  in  various  states. 

(4)  Determining  the  phases  of  the  equatorial  X-ray  diffraction 
reflections  has  been  part  of  our  continuing  interest.  In  recording  X— ray 
diffraction  patterns,  phase  information  is  lost,  but  it  is  necessary  for 
unambiguous  reconstruction  of  electron  density  maps.  In  collaboration  with  Dr. 
Edward  Prince  we  have  initiated  a  systematic  studying  of  phase  selection  based 
on  the  algorithm  of  maximum  entropy,  i.e.  the  distribution  of  electron  density 

in  a  unit  cell  follows  the  principle  of  lowest  contrast  between  lattice  points^ 

Following  this  algorithm,  we  have  obtained  a  density  map  based  on  experimental 
data  from  relaxed  muscle  with  12  equatorial  reflections  at  75  A  spatial 
resolution.  However,  it  is  not  yet  clear  whether  maximum  entropy  is  a  valid 
principle  in  determining  mass  distribution  in  a  well  ordered  system  such  as 
muscle.  Further  experimental  evidence  is  needed  to  support  the  conclusion  based 
on  applying  such  an  algorithm. 

(5)  At  the  suggestion  of  Scientific  Counsellors  (1989) ,  a  working  two 
dimensional  X-ray  diffraction  camera  for  muscle  preparations  has  recently  been 
set  up  to  study  the  conformation  of  acto— myosin  interaction  along  the  contractile 
filaments.  Although  an  imaging  plate  detector  system  has  yet -to  be  installed, 
we  have  already  made  observations  on  rigor  muscles  that  have  not  been  previously  ' 
reported. 

Future  Plans: 

(1)  By  introducing  various  interventions  into  muscle  fibers,  contraction 
mechanism  will  continue  to  be  studied  by  combining  equatorial  X-ray  diffraction, 
which  is  sensitive  to  crossbridge  binding  to  actin,  with  mechanical  studies, 
which  is  sensitive  to  kinetics  of  crossbridge  interaction  with  actin. 

(2)  A  leading  edge  X-ray  recording  technology,  an  imaging  plate,  will  be 
added  to  the  two  dimensional  camera  in  FY  1991,  completing  the  experimental  set 
up.  We  will  combine  the  two  dimensional  diffraction  data  with  quantitative 
modelling  to  obtain  more  detailed  knowledge  of  crossbridge  conformations  in 
muscle  cells. 

Publications  reported  in  press: 

Yu  LC,  Podolsky  RJ .  Equatorial  X-ray  diffraction  studies  from  single 
skinned  muscle  fibers.  In:  J.  Squire,  ed.  Molecular  Mechanisms  in  Muscular 
Contraction.   London:  Macmillan,  1989;  265-285. 
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ANNUAL  REPORT 

LABORATORY  OF  STRUCTURAL  BIOLOGY  RESEARCH 

NATIONAL  INSTITUTE  OF  ARTHRITIS,  MUSCULOSKELETAL  AND  SKIN  DISEASES 

APRIL  1.  1990  THRU  SEPTEMBER  30,  1990 

Structure.  Assembly,  and  Function  of  Biological  Macromolecules 

The  Laboratory  of  Structural  Biology  Research  formally  came  into  being  in 
April  1990.  However,  since  this  group  had  been  fvmctioning  for  many  previous 
years  as  an  independent  research  unit  -  the  Section  for  Structural  Biology  in 
the  Laboratory  of  Physical  Biology  -  its  activities  are  reviewed  for  the  year  as 
a  whole,  i.e.  from  October  1,  1989  thru  September  30,  1990.  Over  the  past  year, 
several  major  studies  involving  viral  proteins  or  viral  assembly  phenomena  have 
been  completed.  The  conformational  change  that  accompanies  maturation  of  the 
bacteriophage  T4  capsid  has  been  demonstrated  to  involve  a  substantial  change  in 
secondary  structure,  thus  requiring  that  its  major  capsid  protein  must  be  at 

least  partly  re -folded.  Accordingly,  thiT  conformational  change  is  a  much-more 

radical  event  than  the  transitions  previously  characterized  in  such  contexts  as 
ligand-binding  by  allosteric  enzymes.  Cryo-electron  microscopy  and  three- 
dimensional  image  reconstruction  techniques  have  been  used  to  define  the 
molecular  topography  of  the  herpesvinis  capsid,  and  the  structure  of  the 
encapsidated  DNA.  Taken  together,  these  observations  indicate  that,  in  certain 
major  aspects,  herpesvirus  capsid  assembly  resembles  the  assembly  pathways  of 
the  DNA  phages.  The  oligomeric  status,  molecular  weights,  and  carbohydrate 
contents  of  the  surface  glycoproteins  gpl20/gpl60  of  Human  Immunodeficiency 
Virus,  Type  1  have  been  determined  from  analysis  of  scanning  transmission 
electron  micrographs.  In  particular,  these  data  appear ^o^ settle  the  oligomer 
issue,  which  has  been  controversial  in  the  aftermath  of  earlier  studies  using 
conventional  experimental  approaches.  Furthermore,  progress  has  been  in 
characterizing  the  protein  channels  that  permeabilize  the  outer  mitochondrial 
membrane;  and  in  further  developing  the  Laboratory's  resources  for  high- 
resolution  electron  microscopy  of  frozen,  hydrated  specimens  and  digital  image 
processing. 

Conformational  Basis  of  Phage  T4  Capsid  Maturation. 

The  T4  capsid  is  first  assembled  as  a  relatively  fragile,  DNA- free,  particle, 
into  which  DNA  is  subsequently  packaged.  After  packaging,  the  mature  capsid  is  a 
considerably  larger  (18%)  and  much  more  resistant  structure.  The  basis  of  this 
transition  is  a  concerted  conformational  change  undergone  by  the  -  1000 
molecules  of  gp23  that  are  arrayed  in  its  icosahedral  surface  lattice.  We  have 
used  laser  Raman  spectroscopy  to  measure  the  secondary  structure  contents  of 
gp23  in  both  the  precusor  and  the  mature  states,  and  have  found  that  the  a-helix 
content  drops  from  33%  to  21%,  whereas  the  ^-sheet  content  increases  from  34%  to 
46%.  Two  extreme  scenarios  may  be  considered,  depending  on  whether  or  not  the  N- 
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terminal  delta-domain  of  gp23  which  is  proteolytically  removed  upon  maturation 
is  primarily  responsbile  for  the  observed  effects.  In  either  case,  the  remaining 
molecule  (gp23*)  must  undergo  a  significant  conformational  change,  whereby  at 
least  30,  and  possibly  as  many  as  80,  of  its  456  residues  switch  from  an  a- 
helical  to  a  ^-sheet  conformation  (Steven,  Greenstone,  Bauer,  Williams). 

Herpesvirus  Cansid  Assembly. 

The  caps id  of  herpesvirus  is  first  assembled  as  a  DNA-free  precursor  particle  in 
the  cell  nucleus.  Subsequently,  DNA  is  packaged,  and  the  viral  envelope  acquired 
from  the  nuclear  membrane.  We  have  examined  the  structure  of  the  capsid  and  its 
contents  by  cryo-electron  microscopy  and  three-dimensional  image  processing  of 
various  populations  of  capsids  purified  by  density  gradient  centrifugation.  The 
hexon  capsomers  are  hexamers  of  the  150  kDa  major  capsid  protein,  and  form  a 
15nm  thick  shell,  that  is  completely  transversed  by  axial  channels  at  the 
centers  of  each  capsomer.  On  the  outer  surface,  at  the  three -fold  positions 
between  hexons  or  between  hexons  and  pentons,  are  density  features  ("triplexes") 
which  we  infer  to  be  trimers  of  a  minor  capsid  protein.  Such  proteins  are 
present  on  phage  capsids  where  they  are  known  to  play  a  stabilizing  irole.  The 
DNA  in  fully  packaged  capsids  is  arranged  in  locally  ordered,  parallel,  "liquid- 
crystalline"  bundles  of  heteroduplexes  with  an  average  center-to-center  spacing 
of  2.6nm.  This  configuration  of  packaged  DNA  closely  resembles  that  previously 
visualized  in  phages  T4  and  lambda  (Booy,  Trus,  Newcomb,  Brown,  Baker .^  Steven). 

Supramolecular  Structure  of  the  HIV-1  Glvcoprotein.  epl20/epl60. 
The  surface  glycoproteins  of  htunan  immunodeficiency  virus  play  important  roles 
in  the  etiology  of  AIDS.  Ideally  one.  would  like  to  have  a  high-resolution  three- 
dimensional  model  of  these  molecules  on  which  to  base  rational  drug  design  and 
immunochemical  strategies.  However,  although  amino-acid  sequences  have  been 
determined  for  many  strains  of  HIV  by  cloning  methods,  very  little  information 
on  three-dimensional  molecular  structure  has  been  forthcoming.  We  have  analyzed 
scanning  transmission  electron  micrographs  of  gpl20  (the  mature  ectodomain)  and 
gpl60  (the  precursor  molecule)  purified  from  a  recombinant  vaccinia  expression 
system.  We  find  that  gpl60  is  a  dimer  of  125  kDa  subunlts^,  each  of  which 
contains  91  kDa  of  protein  and,  on  average,  34  kDa  of  carbohydrates.  Thus,  the 
nominal  monomer  molecular  weight  of  160  kDa  is  a  substantial  overestimate.  Gpl20 
is  a  monomer  containing  56  kDa  of  protein  and  34  kDa  of  carbohydrates. 
Accordingly,  gp41,  the  membrane -associated  component  has  35  kDa  of  protein  (in 
close  agrement  with  the  sequence  prediction)  and,  at  most,  vestigial  amounts  of 
carbohydrates.  The  gpl60  dimer  is  an  asymmetric  dumbell,  whose  major  domain  is  a 
dimer  of  gpl20,  and  whose  minor  domain  is  a  gp41  dimer  (D  Thomas,  Trus, 
Kaczorek,  Booy,  Wall,  Hainfeld,  Steven). 

Mitochondrial  Outer  Membrane  Channel. 

The  outer  mitochondrial  membrane  contains  an  intrinsic  protein  that  forms 
voltage -dependent,  anion-selective  channels  (VDAC) .  Earlier  studies  by  others 
have  shown  that  treatment  of  VDAC-enriched  membrane  fragements  with 
phospholipase  A2  induces  the  formation  of  crystalline  patches.  These  crystals 
are  suitable  for  structural  studies  to  complement  electrophysiological 
measurements  of  the  protein's  channel -forming  activity  in  black  lipid  films.  We 
have  investigated  freeze-dried  crystals  by  electron  microscopy,  both  with  and 
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without  platinum  shadowing.  Topographic  reconstructions  of  shadowed  crystals 
show  that  their  two  surfaces  are  very  similar.  Mass  density  measurements 
performed  on  unstained  crystals  indicate  that  the  unit  cell  contains  32%  lipid 
and  68%  protein  in  the  form  of  6  copies  of  the  30  kDa  VDAC  subunit.  Thus  there 
is  a  one-to-one  ratio  between  subunits,  and  the  6  channels  per  unit  cell 
visualized  in  filtered  electron  micrographs,  i.e.  one  monomer  per  channel.  Taken 
together,  these  data  indicate  that  little  of  the  protein  protrudes  buyond  the 
surface  defined  by  the  lipid  bilayer,  and  that  most  of  the  protein  :'.<;  recessed 
relative  to  this  plane,  where  it  is  involved  in  forming  the  walls  of  tac  -2.5nm 
diameter  channel  (L  Thomas,  Colombini,  Kocsis,  Trus,  Steven). 

Mapping  Epidermal  Proteins  In  Situ  by  ImmunoLabelling. 

We  have  followed  up  our  earlier  work  on  mapping  the  biosjnnthetic  pathways  of 
loricrin  and  filaggrin,  two  major  proteins  expressed  by  -terminally 
differentiated  epidermal  keratinocytes .  Over  the  past  year,  we  have  focussed  on 
reconciling  somewhat  divergent  results  obtained  with  two  different  embedding 
media.  With  Lowicryl,  we  tended  to  achieve  superior  morphological  preservation, 
but  to  encounter  relatively  high  levels  of  non-specific  binding  of  colloidal 
gold  particles  in  the  transitional  layers  between  the  granular  layer  and  the 
comified  layers  of  cells.  With  LR  white,  on  the  other  hand,  the  morphological 
preservation  has  been  somewhat  less  good,  but  with  much  lower  backgrounds  of 
non-specific  binding.  We  have  now  conducted  a  comprehensive  quantitation  of  the 
densities  of  the  gold  particles  present  in  the  various  compartments -^cytoplasm , 
inter-cellular  space;  keratohyalin  granules  that  contain  loricrin  (L-granules) 
or  which  contain  profilaggrin  (F-granules) ,  etc) .  After  subtraction  of  the 
resulting  local  background  values,- the  labelling  densities  for  the  various 
compartments  were  equivalent  for  both  embeddings ,  thus  firmly  substantiating  our 
conclusions  concerning  the  respective  biosynthetic  pathways  of  loricrin  and 
filaggrin  (Bisher,  Roop,  Steinert,  Steven). 
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The  structures  and  mechanisms  of  assembly  of  biological  macro- 
molecular,  complexes,  and  subcellular  stiructures  are  studied, 
primarily  by  high-resolution  electron  microscopy  and  computer  image 
processing.  Two  projects  completed  during  the  past  year  concern  (1) 
characterization  of  a  major  conformational  change  in  a  viral  capsid 
protein  that  occurs  when  the  precursor  capsid  is  transformed  into  the 
mature-vir ion ;  and  (2)  determination  of  the  molecular  weights,  oligo- 
meric  status,  carbohydrate  contents,  and  two-dimensional  mass-map  of 
the  gpl60/gpl20  surface  glycoprotein  of  human  immunodeficiency  virus, 
type  1  (HIV-1) .  1)  After  polymerization  of  bacteriophage  T4  pre- 
cursor capsid  is  complete,  its  surface  lattice  undergoes  a  radical, 
cooperative,  conformational  change  that  results  in  an  18%  increase  in 
size,  and  striking  morphological,  functional,  and  immunological 
differences.  We  have  investigated  the  conformational  basis  of  this 
event  by  using  laser  Raman  spectroscopy  to  determine  the  respective 
secondary  structures  of  the  precursor  and  mature  states.  Upon 
expansion,  the  alpha-helix  content  of  the  major  capsid  protein  is 
reduced  from  36%  to  21%,  and  its  beta-sheet  content  increases  from 
33%  to  46%.  We  conclude  that  the  conformational  change  involves  a 
fundamental  re-folding  of  a  substantial  portion  of  the  protein.  2) 
Scanning  transmission  electron  microscopy  has  been  applied  to 
preparations  of  gpl60/gpl20  of  HIV-1  purified  from  a  recombinant 
viral  expression  system.  From  these  data,  we  have  established  that 
the  precursor  molecule,  gpl60,  is  a  dimer  of  125  kDa  subunits,  each 
of  which  comprises  91  kDa  of  protein  together  with,  on  average,  3  4 
kDa  of  oligoasaccharides.  Thus  the  nominal  SDS-PAGE-derived 
molecular  weight  of  160  kDa  is  a  major  overestimate,  presumably  on 
account  of  its  high  carbohydrate  contents.  Gpl2  0  and  gp41,  the 
maturation  cleavage  products  of  gpl60,  have  monomer  masses  of  89  kDa 
and  36  kDa  respectively,  indicating  that  gpl20  contains  virtually  all 
the  carbohydrates  present  on  gpl60.  Moreover,  gpl60  monomers 
dimerize  primarily  through  interactions  between  their  gp41  moieties. 
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Project  Description: 
Statement  of  Progress: 
A.    DEVELOPMENT  OF  EXPERIMENTAL  FACILITIES: 

Computer  Image  Processing: 
(i)  (Collaboration  with  Mr  W  Gandler,  CSL/DCRT) .  We  have  effected 
an  interface  between  our  recently  installed  Zeiss  EM902  electron 
microscope  and  our  Microvax  II  minicomputer  so  that  electron  images 
may  now  be  captured  directly  in  digital  form.  For  certain  classes  of 
image,  this  innovation  will  allow  users  to  circumvent  the  laborious 
alternative  of  first  recording  photographic  negatives  and  then 
scanning  them  on  a  microdensitometer.  The  new  digitization  system 
has  some  residual  drawbacks  arising  from  uneven  illumination,  geo- 
metrical distortions,  and  localized  blemishes  in  the  recording 
optics.  The  first  can  be  largely  corrected  by  applying  a  "shading 
correction" ,  and  future  work  will  aim  to  improve  the  system  in  other 
respects.  (ii)  Three-dimensional  Reconstruction  of  Icosahedral 
Viruses.  A  sophisticated  set  of  computer  programs  specifically 
developed  for  the  reconstruction  of  three-dimensional  density  maps  of 
icosahedral  particles  from  two-dimensional  electron  microscope  images 
has  been  implemented.  These  programs,  which  use  the  "common  lines" 
formalism  of  Fourier  analysis  were  made  available  to  us  by  Dr  T  S 
Baker,  Dept.  of  Biology,  Purdue  University.  To  complement  these  pro- 
grams, additional  software  has  been  written  by  us  to  facilitate  the 
analysis.  The  programs  have  been  tested  and  are  now  in  routine  use. 
B-1   THE  STRUCTURES  OF  VIRUSES  AND  VIRUS-RELATED  PARTICLES: 

(a)  Conformational  Basis  of  Bacteriophage  T4  Capsid  Maturation, 
(collaborator:  R  W.Williams,  Uniformed  Services  University  of  the 
Health  Sciences) .  The  expansion  transformation  that  accompanies 
maturation  of  the  bacteriophage  T4  prohead  involves  major  changes  in 
the  physical,  chemical,  and  immunological  properties  of  the  capsid, 
and -IS  preceded  in  vivo  by  proteolytic  cleavage  of  its  major  protein, 
gp23  (56  kDa) ,  to  gp23*  (49kDa) .  The  respective  secondary  structures 
of  gp23  in  the  unexpanded  state,  and  of  gp23*  in  the  expanded  state 
of  the  surface  lattice  were  determined  from  the  laser  Raman  spectra 
of  polyheads. -  These  tubular  polymorphic  variants  of  the  capsid 
contain  none  of  the  minor  capsid  proteins  whose  presence  would  impede 
interpretation  of  the  data  in  terms  of  the  conformations  of  gp23/ 
gp23*.  Similar  measurements  were  also  made  on  uncleaved  polyheads 
that  had  been  expanded  in  vitro.  We  find  that  expansion  is  accompan- 
ied by  a  substantial  change  in  secondary  structure,  whereby  at  least 
30,  and  possibly  as  many  as  80,  of  the  456  residues  in  gp23*  are 
converted  from  a-helix  to  /S-sheet.  It  follows  that  this  conforma- 
tional change  involves  refolding  of  a  substantial  part  of  the  poly- 
peptide chain.  Furthermore,  its  /9-sheet  content  is  sufficient  for  a 
domain  with  the  "jelly-roll"  fold  of  antiparallel  ^-sheets, 
previously  detected  in  the  capsid  proteins  of  many  other  icosahedral 
viruses. 

(b)  Organization  of  Encapsidated  DNA  in  Herpes  Simplex  Virus, 
Type  1:   (collaborators:  Mr  W  Newcomb  and  Dr  J  Brown,  U.  Va., 

Charlottesville) .  We  have  used  cryo-electron  microscopy  and  digital 
image  reconstruction  techniques  to  analyze  the  three-dimensional 
structures  of  purified  nucleocapsids  of  HSV-1.  Thus  we  compared  A- 
capsids  which  are  devoid  of  DNA  with  C-capsids  which  contain  fully 
packaged  DNA.  Micrographs  of  C-capsids  show  sets  of  fine,  often 
curvilinear,  striations  ("fingerprints")  with  a  spacing  of  2-4nm  - 
2.8nm,  which  are  not  visible  on  A-capsids.  Their  visibility  is 
considerably  enhanced  when  the  contribution  of  the  capsid  is  computa- 
tionally filtered  away,  exposing  the  packaged  DNA.  The  latter  does 
not  exhibit  icosahedral  ordering  but  instead  is  a  uniformly  dense 
ball,  consisting  of  locally  ordered  parallel  packings  of  DNA  hetero- 
duplexes.  The  ball  of  DNA  extends  radially  flush  against  the  inner 
surface  of  the  icosahedral  (T=16)  capsid  shell.  Variations  in  its 
appearance  among  particles  that  are  viewed  in  different  orientations 
suggests  that  the  DNA  is  not  randomly  wound,  but  is  at  least 
partially 
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oriented.  Overall,  the  organization  of  encapsidated  DNA  in  HSV-1 
resembles  that  previously  visualized  in  bacteriophages  T4  and  lambda. 
(c)  Oligomeric  Structure  of  the  Env  Glycoprotein  of  HIV-1. 
(collaborators  :  Dr  D  J  Thomas,  University  of  Rennes,  France;  Drs  J 
Wall  &  J  Hainfeld,  Brookhaven  National  Laboratory) .  Dark-field 
scanning  transmission  electron  microscopy  (STEM)  was  used  to  effect 
mass  measurements  of  several  hundreds  of  individual  molecules  of  both 
gpl60  and  gpl20.  The  results  lead  to  rigorous  conclusions  concerning 
the  oligomeric  status,  molecular  weights,  and  carbohydrate  contents 
of  the  env  glycoproteins  which  have  been  a  matter  of  controversy  in 
earlier  studies  employing  conventional  biochemical  procedures. 
Taking  into  account  cloning-derived  information  on  their  protein 
sequences,  the  STEM  mass  data  reveal  that,  in  its  isolated  state, 
gpl60  is  primarily  a  dimer  of  125  kDa  subunits,  each  of  which 
contains  91  kDa  of  protein  and  34  kDa  of  carbohydrates.  In  contrast, 
gpl20  was  found  to  be  a  monomer  of  89  kDa,  consisting  of  54  kDa  of 
protein  and  35  kDa  of  carbohydrates.  Thus  gp41  should  have  a  monomer 
mass  of  36  kDa  and  no  significant  amount  of  glycosylation.  As 
visualized  both  in  unstained  STEM  micrographs  and  in  negatively 
stain,  the  predominant  morphological  type  is  an  asymmetric  dumbell, 
whose  two  domains  have  masses  of  175  kDa  and  75  kDa  respectively.  We 
infer  that  the  small  domain  is  a  gp41  dimer  and  the  large  domain,  a 
dimer  of  gpl20. 

B-2  STRUCTURE  AND  ASSEMBLY  OF  BIOLOGICAL  MEMBRANES 

(a)  The  Voltage-Dependent  Anion-Selective  Channel  of  Mitochondrial 
Outer  Membranes  (Collaboration  with  L  Thomas  &  M  Colombini, 
JJniyersity  of  Maryland)  ._  VDAC  is  known  from  earlier  work  to  form 
relatively  wide-bore — -fS^m)-  channels  which  are  compressed  into 
crystalline  arrays  when  isolated  membranes  are  treated  with 
phospholipase  A2.  We  have  used  electron  microscopy  to  analyze 
frozen-dried  crystals,  both  with  and  without  platinum  shadowing,  to 
investigate  their  surface  topography  and  their  proteo-lipid  contents. 
Computed  surface  reconstructions  indicate  that  the  respective 
topographies  of  the  two  surfaces  are  very  similar,  and  the  protein 
component  is,  for  the  most  part,  recessed-  relative  to  the  outer 
surfaces  of  the  lipid  bilayer.  These  findings  correlate  with 
functional  data  as  to  side-symmetric  gating  properties  and  ligand- 
binding.  The  basic  structural  unit  is  determined  to  be  a  non- 
equivalent  trimer  of  VDAC,  containing  three  channels,  with  two  such 
trimers_per  unit  cell  of  the  p2  crystal  lattice. 
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Annual  Report  of  the  Arthritis  and  Rheumatism  Branch 

National    Institute   of   Arthritis   and    Musculoskeletal 

and  Skin  Diseases 

October  1,  1989  through  September  30,  1990 

The  Branch's  professional  activities  include  both  disease-related 
and  basic  investigations.  The  disease  related  studies  involve  both 
laboratory  studies  -frequently  using  animal  models-  and  clinical  studies, 
on  the  etiology,  pathogenesis  and  treatment  of  a  variety  of  inflammatory  / 
autoimmmune  disorders.  In  addition  the  Orthopedic  Research  Section 
studies  normal  and  pathological  development  of  bone  particularly  as  it 
relates  to  healing  of  fractures.  The  Branch  also  supports  a  collaborative 
effort  in  conjunction  with  the  National  Institute  of  Mental  Health,  under 
Dr.  Ester  Sternberg,  on  basic  mechanisms  in  arthritis.  In  addition  the 
Branch  supported  a  post-doctoral  Fellow  conducting  research  in  the 
Biomechanics  Laboratory  of  the  NIH  Clinical  Center. 

The  clinical  program  is  directed  by  five  senior  physicians  who  serve 
as  the  Principal  Investigators  on  the  experimental  protocols.  During  the 
past  year  there  were  approximately  750  in-patient  admissions  of  which 
about  250  were  to  the  newly-established  "Day  Hospital"  unit.  About  2000 
outpatient  visits  were  recorded.  In  addition  the  Branch  responded  to  some 
50  requests  for  rheumatology  consultations  for  patients  involved  in 
research  studies  of  other  Institutes. 

The  clinical  and  laboratory  program  also  serves  to  train  young 
physicians  with  a  strong  emphasis  on  research  training  in  rheumatology. 

I.  Disease  Related  Studies 

A.  Arthritis  and  Related  Diseases 

1.  Studies  in  animals  (48,  79)* 

Studies  are  continuing  on  the  arthritis  induced  in  LEW/N 
rats  injected  with  bacterial  cell  walls  -an  excellent  model  for  chronic 
arthritis,  such  as  rheumatoid  arthritis  (RA),  in  humans.  Continuing  their 
studies  on  the  nature  of  the  mediators  present  during  inflammation,  Dr. 
Ronald  Wilder  and  colleagues  have  found  evidence  implicating  heparin 
binding  growth  factor-1  (HBGF-1):  Intense  expression  of  phosphotyrosine, 
particularly   in   endothelial  cells  was  observed  to  develop  coincident  with 

*Numbers  in  parentheses  refer  to  project  number 
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expression   of   HBGF-1.    Sustained    expression   was   found   to   be   tliymus- 
dependent.   Little   expression   was   found   in   arthritis-resistant   F344/N   rats. 

These  workers  have  also  found  enhanced  expression  of 
cyclooxygenase  mRNA  and  protein  in  the  joints  of  the  Lew/N  but  not  of 
the  resistant  F344/N   rats. 

In  collaborative  studies  with  Dr.  Esther  Sternbero  and 
with  colleagues  in  the  National  Institute  of  Mental  Health,  these  workers 
had  noted  that  the  susceptible  LEW/N  animals  exhibited 
hyporesponsiveness  of  the  hypothalamic/pituitary/adrenocortical  (HPA) 
axis.  In  a  continuation  of  these  studies  they  have  studied  the 
responsiveness  of  plasma  ACTH  and  corticosterone  to  cholinergic 
muscarinic  receptor  agonists,  alpha-1  adrenergic  receptor  agonists,  and 
type  2  serotonin  receptor  agonists.  In  all  cases  the  LEW/N  rats  showed 
blunted  responses.  They  have  attempted  to  localize  the  defect  using 
hypothalamic  explants.  LEW/N  explants  released  reduced  amounts  of 
corticotropin  releasing  hormone.  No  decrease  in  the  number  of  receptors 
for  any  of  the  agonists  was  observed.  The  explants  also  show  reduced 
enkephalin  gene  expression  therefore  suggesting  some  global  defect  in 
second  messenger  generation  or  effects. 

Other  findings  include  hyporesponsiveness  of  LEW/N  animals  to  a 
variety  of  behavioral  stressors.  Initial  breeding  studies  suggest  that  the 
hyporesponsiveness  may  be  regulated  by  a  limited  number  of  genes,  and 
that  their  effect  is  present  throughout  the  lifespan  of  the  animals. 

2.  Studies  in  humans  (66) 

A  characteristic  of  RA  is  tumor-like  proliferation  of  the 
synovium.  Continuing  their  studies  on  biopsy  specimens  from  humans  with 
RA,  Wilder  and  colleagues  have  recently  obtained  additional  evidence  that 
platelet-derived  growth  factor  (PDGF)  particularly  PDGF-B  like  peptide 
play  a  role  in  regulating  the  fibroblast-like  cells  in  the  diseased 
synovium.  Its  production  paralleled  expression  of  acidic  fibroblast  growth 
factor  and  HBGF-1.  Continuation  of  studies  on  the  regulation  of 
collagenase  and  transin/stromelysin  implicate  a  cis  element  and  the 
transactivating  factors,  c-jun  and  c-fos,  which  together  comprise  the  AP- 
1  element.  Retinoid  suppression  is  mediated  through  inhibition  of  c-fos 
transcription.  IL-1  regulation  of  stromeiysin  involves  an  inhibitory  cAMP- 
dependent  and  a  stimulatory  protein  kinase  C-dependent  pathway. 
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B.  Myositis  and  related  diseases 

1.  Studies  in  animals  (75) 

Dr.  Paul  Plotz  and  his  colleagues'  have  continued  their 
studies  on  the  pathogenesis  of  EMC-221A  virus-induced  inflammation  in 
mice.  They  have  recently  found  that  nude  mice  have  lower  anti-viral 
antibody  titers,  longer  viral  persistance,  and  much  more  severe 
myocarditis  and  central  nervous  system  disease.  Viral  persistance  was 
detected  using  in  situ  hybridization  and  the  polymerase  chain  reaction 
(PCR). 

2.  Studies  in  humans 

a.  Pathogenesis/etiology  (74):  Over  250  patients  have 
been  studied  using  a  variety  of  immunological,  clinical  and 
epidemiological  observations.  The  data  suggest  that  there  are  subsets  of 
patients  that  differ  with  respect  to  rapidity  of  onset,  clinical 
manifestations  and  their  responsiveness  to  therapy.  Continued  searches 
are  being  made  by  the  techniques  of  in  situ  hybridization  and  PCR  for  five 
different  viruses  in  biopsy  specimens  from  50  different  patients.  Evidence 
has  been  obtained  that  the  antibody  responses  in  these  patients  is  antigen 
driven.  To  aid  in  following  antibody  responses,  attempts  are  being  made  to 
produce  histidyl-tRNA  synthetase  -  the  antigen  to  which  a  prominent 
antibody  in  this  disease  (anti-Jo)  is  directed-  in  bacterial  expression 
systems  . 

b.  Diagnosis  (80):  Magnetic  resonance  imaging  (MRI)  is 
being  assessed  as  a  diagnostic  tool  in  myositis  patients.  MRI  was  found  to 
be  more  sensitive  than  biopsy  in  detecting  inflammation.  Profound 
abnormalities  of  Pi  and  creatine  phosphate  have  been  observed  in  inclusion 
body  myositis  and  tryptophan-induced  eosinophilic-myalgia  syndrome 
with   lesser  abnormalities   in   polymyositis  and   dermatomyositis. 

c.  Therapy  (76):  Trials  have  been  undertaken  using 
1)controlled  double-blind  trial  of  plasmapheresis  and  leukapheresis,  2) 
intravenous  methotrexate  with  leucovorin  rescue,  and  3)  a  combination  of 
methotrexate  and  azathioprine.  So  far  39  patients  were  studied  in  the 
apheresis  trial  and  the  results  are  now  being  evaluated.  The  i.v. 
methotrexate  and  combination  therapy  trials  were  stopped  after  12 
patients  showed  poor  outcomes. 

d.  Eosinophilia  Myalgia  Syndrome  (79):  Dr.  Ester 
Sternberg  has  studied  nine  patients  with  this  syndrome  as  a  result  of 
taking  L-tryptophan.  She  and  her  colleagues  have  found  evidence  that  the 
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patients  have  an  activated  indoleamine  2,3-dioxygenase  (IDO)  and  suggest 
that  inflammatory  factors  may  have  triggered  this  response.  Six  of  nine 
patients  were  taking  drugs  that  have  been  shown  to  suppress  the  HPA  axis 
(above)  in  animal  studies.  They  postulate  that  a  contaminant  in  L- 
tryptophan  (currently  thought  to  be  the  etiologic  agent  rather  than 
tryptophan  itself)  together  with  intrinsic  or  drug-induced  HPA 
hyporesponsiveness  may  cause  the  syndrome. 

C.  Lupus  and  related  diseases 
1.  Animal  studies 

a.  Pathogenesis  of  murine  lupus  (20):  i)  Dr.  Alfred 
Steinberg  and  his  colleagues  are  continuing  to  explore  the  role  of 
endogenous  retrovirus  in  autoimmune  prone  mice.  In  particular  they  are 
studying  the  expression  of  the  8.4kb  MCF-related  RNA.  One  subgroup 
(Mpmv)  are  characteristic  of  autoimmune-prone  strains  whereas  another 
(Pmv)  is  not.  The  latter  are  however  induced  by  mitogens.  Certain 
genotypes  that  promote  autoimmunity  when  bred  onto  non-autoimmune 
backgrounds,  increase  Pmv  transcripts  but  do  not  induce  Mpmv  and  so  act 
like  mitogens.  These  studies  suggest  that  Mpmv  represents  the  action  of  a 
background  gene  for  autoimmunity  and  does  not  result  from  the  disease 
itself 

ii)  Ig  mRNA  was  studied  by  in  situ  hybridization  in  peritoneal  and 
splenic  B  cells.  Three  distinct  groups  were  identified:  cells  with  low 
expression  (characteristic  of  resting  B  cells),  high  (characteristic  of 
plasma  cells)  and  intermediate  (characteristic  of  a  subset  of  peritoneal  B 
cells).  Northern  analysis  showed  that  the  majority  of  the  mRNA  in  these 
cells  is  characteristic  of  mig  rather  than  secreted  Ig. 

iii)  The  role  of  cytokines  is  being  explored.  Mice  are  injected  with 
anti-CD3,  anti-lgD,  with  or  without  a  variety  of  antigens  and  mRNA  for 
cytokines.  It  was  found  that  anti-CD3  induced  rapid  production  of  mRNA 
for  cytokines  characteristic  of  TH1  and  TH2  CD4+  helper  cells.  These 
results  differ  from  those  seen  with  in  vitro  stimulation  where  cytokine 
mRNA  formation  is  much  slower. 

iv)  Following  up  on  prior  studies  of  the  CD44  (Ly24)  gene  product, 
PCR  was  used  to  prepare  a  construct  for  transfection  into  Ly24-  lines. 
Whereas  the  untransfected  cells  grew  in  clumps,  the  transfected  cell 
were  more  dispersed-phenotypes  consistent  with  endogenously  -  and  + 
cells.  This  suggests  that  CD44  expression  is  important  for  lymphocyte 
motility. 

b.  Therapeutic    studies    (22):    Repetition    of    an    earlier 
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study,    has    confirmed    that    anti-ll-4    antibody    injected    into    MRL-lpr/lpr 
mice  reduces  lymphadenopathy.     NZB  autoimmune   mice  injected     from  2 
weeks  of  age  for  5  weeks  with  anti-IL-5     showed  no  beneficial  effects.   In 
particular,  the  abnormally  elevated  levels  of  IgM  were  not  reduced. 
2. Studies  in  humans 

a.Pathogenesis  (23) 

Human  endogenous  retroviral  mRNA  has  been 
discovered  in  leukocytes  from  patients  with  a  variety  of  auto-immune 
disorders  but  in  normals  as  well.  Additional  studies  with  more  specific 
probes  have  been  conducted  but  none  of  these  detected  differences 
between  normals  and  patients  with  lupus.  Additional  probes  will  be  sought 
for  testing  in  the  future. 

b.Therapy  (40) 

Twenty-three  additional  patients  with  diffuse 
lupus  nephritis  have  been  assessed  after  1  year  of  various  cytotoxic  drug 
protocol.  After  1  yr,  none  of  the  three  protocols  have  produced 
statistically  significant  changes  as  measured  by  progression  to  renal 
failure.  However,  it  is  noteworthy  that  a  prior  trial  failed  to  discover  a 
major  beneficial  effect  until  patients  had  been  followed  for  5  or  more  yrs. 

D.  Other  Inflammatory  Diseases  (83) 

Familial  Mediterranean  Fever  is  a  rheumatic  disease  caused  by 
a  single  autosomal  recessive  gene.  The  location  and  nature  of  the  gene  and 
its  potential  product  are  unknown.  Dr.  Daniel  Kastner  is  attempting  to 
identify  the  chromosomal  location  and  eventually  the  gene  itself.  Gene 
mapping  studies  are  being  performed  on  specimens  from  55  Israeli 
families  in  which  more  than  one  individual  suffers  from  the  disease.  Cell 
lines  from  347  individuals  were  established  using  transformation  with 
Epstein-Barr  virus.  To  date,  he  and  his  colleagues  have  excluded  about  10% 
of  the  genome,  and  have  increasing  evidence  for  a  linked  marker. 

E.  Bone  Metabolism  and  Fracture  Healing  (77) 

1.  Studies  of  TGF-p1  and  TGF-p2  revealed  high  levels  of  both  in 
both  human  and  rat  fracture  calluses.  Antibodies  to  TGF-p2  stained  only 
osteoblasts  in  human  fracture  callus.  TGF-pi  stimulated  chondrocyte 
differentiation  and  a  3-fold  increase  in  chondocyte-gene  expression  of 
culture  periosteal  cells. This  is  consistent  with  the  hypothesis  that  the 
periosteum  is  a  source  of  chondrocyte  precursors. 

2.  Animal  and  in  vitro  culture  models  are  being  used  to 
determine  the  role  of  various  cytokines,  a)  in  cartilage  repair  after 
laceration  and  b)  in  adhesion  formation  in  chickens  following  flexor 
tendon   injury  .  Various  probes  for  type  I  and  type   II  collagen,  for  TGF-p, 
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acidic  FGF,  and  PDGF  are  being  used  to  follow  changes  in  these  components 
during  healing.  The  effect  of  exogenous  administration  of  some  of  these 
factors  on  the  healing  is  also  being  assessed,  and  some  substantial 
changes  have  already  been  noted  in  rates  of  cell  proliferation. 

3.  The  effect  of  estrogen  administration  on  fracture  repair  in 
ovarectomized  female  rats  have  noted  major  increases  in  strength  of  the 
healed  fracture.  Histological  evaluation  suggest  this  is  principally  due  to 
increased  endochondral  bone  formation. 

II   Basic  studies 

A  common  mechanism  by  which  cells  of  the  immune  system  are 
stimulated  is  by  way  of  aggregation  of  cell  surface  receptors.  Metzger's 
group  is  continuing  its  studies  on  one  such  system:  the  IgE-mast  cell 
system.  In  particular,  these  workers  are  attempting  to  identify  the 
molecules  through  which  the  receptor  for  IgE  activates  the  cells.  The 
current  principal  strategy  is  to  identify  functionally  critical  regions  on 
the  receptor  by  genetic  engineering.  During  the  past  year  further  mutant 
cDNAs  for  each  of  the  subunits  were  prepared  and  tested  for  their  ability 
to  be  expressed.  The  most  striking  result  is  the  relatively  modest 
influence  on  assembly  and  expression  of  those  parts  of  the  receptor 
thought  to  protrude  into  the  cytoplasm.  On  the  other  hand,  the 
transmembrane  regions  appear  to  be  critical.  These  mutants  have  also 
given  new  insight  into  the  arrangement  of  the  subunits  of  the  receptor. 
Truncation  of  the  cytoplasmic  tails  also  leads  to  rather  small  effects  on 
the  immobilization  and  internalization  of  the  receptors,  phenomena 
thought  to  reflect  interaction  of  the  receptors  with  cytoskeletal 
structures  or  coated  pits,  following  aggregation.  This  is  a  surprising 
result,  because  it  had  been  thought  that  membrane  proteins  interact  with 
such  components  via  their  own  cytoplasmic  domains.  Finally,  parallel 
studies  examine  the  role  of  different  regions  of  the  receptor  in  initiating 
the  early  cellular  response  using  a  mast  cell-like  lines  that  lack 
receptors.  Studies  on  transfection  of  the  wild-type  receptors  have  been 
completed  but  accumulating  a  sufficient  number  of  stable  cells  lines 
expressing  the  mutant  receptor  has  been  difficult.  New  cell  lines  are 
being  examined  as  well  alternative  ways  of  identifying  and/or  selecting 
for  suitable  clones  investigated. 
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Project  Description: 

Objectives 

Several  strains  of  mice  spontaneously  develop  autoimmune  diseases 
resembling  human  systemic  lupus  erythematosus.   Early  in  life  they  are 
immunologically  hyperactive,  become  relatively  resistant  to  tolerance 
induction,  and  gradually  develop  antinuclear  and  other  autoantibodies  follov/'^.d 
by  clinical  disease.   We  believe  that  a  detailed  understanding  of  the  genetic, 
cellular  and  biochemical  basis  for  disease  in  these  mice  will  contribute  to 
the  understanding  of  a  variety  of  immune  mediated  diseases . 

Methods  Employed 

1.  Studies  of  peripheral  Ijrmphoid  cells:   Assays  for  antibodies  to  RNA,  DNA 
and  other  ligands  using  the  ammonium  sulfate  precipitation  or  the  ELISA 
technique.   Assay  of  antibody  forming  cells  to  a  number  of  antigens  by  a 
modified  ELISA  assay.   Immunization  of  animals  with  a  variety  of 
antigens  with  and  without  protein  carriers  or  adjuvants.   Studies  of 
CDS"*"  B  cells,  including  peritoneal  cells.   Transfer  of  spleen,  bone 
marrow,  peritoneal,  and  thymus  cells  into  recipients  to  evaluate  the 
functional  properties  of  the  different  cell  types.   Separation  of 
lymphoid  cells  using  monoclonal  antibodies  and  either  C-mediated 
cytotoxicity  or  magnetic  beads.   Evaluation  of  subpopulations  of  T  cells 
and  B  cells  using  the  fluorescence  activated  cell  sorter. 

2.  Studies  of  thymocyte  differentiation  in  vitro  using  a  variety  of 
cytokines  to  stimulate  either  proliferation  or  differentiation.   Special 
emphasis  is  placed  on  CD4~,  CDS"  thymocytes,  the  precursors  to  the  other 
cells.  Normal  thymocytes  from  fetal  and  adult  animals  are  studied  prior 
to  studies  of  autoimmune  animals . 

3.  Molecular  studies  of  RNAs:  Northern  blot  analyses.   Isolation  of  poly  A* 
mRNA  from  lymphoid  organs  or  cell  subsets  or  cell  clones  and  probing. 
Nuclear  run-off  to  determine  whether  increased  gene  expression  is  due  to 
increased  specific  mRNA  production.   In  situ  hybridization  using 
riboprobes.   Separate  isolation  of  nuclear  and  cytoplasmic  RNA  to 
determine  partition  of  different  messages. 


4.  Southern  blot  analyses. 

5.  Culture  of  spleen  cells  with  deoxyribonucleotides  anti-sense  to  known 
retroviral  sequences . 

6.  Gene  cloning  and  sequencing  using  standard  techniques. 

7.  Transfection  of  genes  into  cell  lines. 

8.  Production  of  transgenic  mice. 
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Major  Findings 

1.  We  have  previously  found  that  lupus  -prone  mouse  strains,  NZB,  BXSB, 
MRL-+/+.  MRL-lpr/lpr.  and  (NZB  x  NZW)  Fl,  all  have  full-length,  8.4  kb, 
MCF  retroviral  transcripts  in  their  thymuses  whereas  non-auro immune  mice 
do  not.   Probes  able  to  distinguish  sub-groups  of  MCF  viruses  on  the 
basis  of  env  and  LTR  differences  indicate  that  Mpmv  type  8.4  MCF 
transcripts  are  characteristic  of  auto iimnune- prone  strains  whereas  Pmv 
type  transcripts  are  not;  the  Pmv  8.4  kb  transcripts  are,  however, 
induced  by  mitogens .   The  gld/gld  and  Ipr/lpr  geneotypes  on  non- 
autoimmune  backgrounds  increase  Pmv  8.4  kb  RNA  but  do  not  induce  Mpmv 
8.4  kb  mRNA  and  so  act  like  mitogens.   The  8.4  kb  Mpmv  expression  was 
present  from  birth  in  several  auto innnune -prone  strains  and  was  not 
altered  by  genes  which  accelerate  or  retard  disease.   These  studies 
suggest  that  Mpmv  8.4  kb  mRNA  represents  the  action  of  a  background  gene 
for  autoimmunity  and  does  not  result  from  disease  itself. 

2.  Using  in  situ  hybridization,  Ig  mRNA  levels  were  studied  in  peritoneal 
and  splenic  B  cells.   Ig  mRNA  production  fell  into  3  distinct  groups  - 
low  (characteristic  of  resting  B  cells) ,  high  (characteristic  of  plasma 
cells) ,  and  intermediate  (characteristic  of  a  subset  of  peritoneal  B 
cells) .   Intermediate  Ig  mRNA  was  T  cell  dependent  in  that  congenic 
nu/nu  mice  did  not  express  any.   The  intermediate  Ig  mRNA  containing 
cells  wre  primarily  CD  5"^  ,  CDllb  ^   ,  and  IgM^^^**"'  .   In  contrast, 
conventional  B  cells,  CD  5",  CDllb",  IgM*^"^^"*"  produced  negligible  levels 
of  Ig  mRNA.   The  peritoneal  population  that  is  CD  5',  CDllb"^,  IgM*'"'^^^' 
contained  levels  of  Ig  mRNA  intermediate  between  those  of  conventional  B 
cells  and  CD  5"*"  peritoneal  B  cells.   Northern  analysis  showed  that  the 
majority  of  Ig  mRNA  expressed  in  the  peritoneum  is  of  the  membrane 
rather  than  the  secreted  form.   Consistent  with  the  Northern  data,  short 
term  culture  revealed  much  less  Ig  production  by  peritoneal  than  splenic 
B  cells.   These  studies  describe  novel  Ig  mRNA  expression  by  peritoneal 
B  cells  and  emphasize  that  within  the  peritoneal  cavity,  B  cells  do  not 
tend  to  become  antibody  secreting  cells . 

3.  Normal  and  autoimmune  mice  have  been  injected  with  anti-CD  3,  anti-IgD, 
and/or  a  variety  of  antigens  and  splenic  mRNA  for  several  cytokines 
measured.  Anti-CD  3  induced  rapid  production  of  message  for  cytokines 
characteristic  of  both  TH  1  and  Th  2  type  CD  4+  helper  cells.   These 
results  suggest  that,  in  contrast  to  many  in  vitro  studies,  in  vivo, 
both  types  of  cytokine  messages  may  be  rapidly  induced. 

4.  The  murine  CD  44  gene  product  (the  Ly  24  or  pgp-1  marker)  is  found  on 
the  cell  surface  of  a  subpopulation  of  double  negative  thymocytes  and  on 
memory  T  cells.   In  collaboration  with  Dr.  J.T.  August's  lab,  we   cloned 
and  sequenced  the  murine  CD  44  gene  as  reported  last  year.   Using  PCR, 
we  have  fashioned  a  construct  for  transfection  into  Ly  24"  lines.   CD  4- 

,  CD  8-,  CD  44-  thymoma  cell  lines  grew  in  clumps  whereas  daughter  CD 
44+  cell  lines  were  more  dispersed.   Transfection  of  the  negative  lines 
with  CD  44  led  to  decreased  formation  of  large  clumps .   This  work  is 
consistent  with  our  prior  studies  of  CD  44  positive  and  negative 
thymocyte  populations  which  had  suggested  that  CD  44  expression  is 
important  for  lymphocyte  motility. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

The  diseases  of  mice  occur  spontaneously  and  are  a  close  approximation 
of  the  comparable  human  diseases.   The  cellular  and  genetic  bases  of  disease 
are  becoming  increasingly  better  understood.   Such  insights  provide  a  firm 
basis  for  the  investigation  of  the  human  diseases  as  well  as  strategies  for 
immune  intervention. 

Our  thymocyte  experiments  continue  to  provide  insights  into  early 
thymocyte  development,  insights  which  can  now  be  applied  to  autoimmune 
strains.   T  cell  receptor  expression  on  progenitor  thymocytes  appears  to 
include  critical  exposure  to  cytokines.   Therefore,  in  autoimmunity, 
regulation  of  T  cell  development  could  be  defective  at  this  stage  and/or 
intervention  could  be  applied  at  this  stage. 

Expression  of  a  lanique  retroviral  transcript  in  association  with  murine 
lupus  provides  a  possible  clue  to  early  events  in,  or  even  pathogenesis  of, 
lupus.   In  addition,  evidence  that  endogenous  retroviral  sequences  may  play  a 
role  in  normal  lymphocyte  activation  provides  a  possible  pathway  for  abnormal 
lymphocyte  activation  in  autoimmune  diseases . 

The  B  cell  studies  further  dissect  biological  compartments  as  well  as 
cell  types  responsible  for  autoantibody  production. 

Proposed  Course 

The  role  of  cytokines  in  thymocyte  development  will  be  explored  further 
in  auto immune -prone  strains.   Unf ortvinately ,  these  studies  are  technically 
difficult  because  of  the  small  percentage  of  thymocytes  which  are  CD  4-,  CD  8- 
(1-4%). 

The  role  of  retroviral  expression  will  be  further  dissected  in  normal 
and  auto immune -prone  mice.   RNA  turnover  and  studies  of  RNA  binding  to 
splicing  proteins  should  better  define  the  abnormal  retroviral  gene  expression 
observed  in  autoimmune  thymuses.   We  have  obtained  from  an  NZB  genomic  library 
a  full-length  MCF  retrovirus.   This  will  be  studied  and  used  in  transfection 
studies.   Studies  similar  to  those  done  in  mice  will  also  be  carried  out  with 
human  RNA  and  DNA  using  human  retroviral  probes. 

Transfection  of  the  CD  44  gene  into  CD  44"  cell  lines  and  evaluation  of 
their  biology  is  being  carried  out.   Further  studies  should  begin  to  elucidate 
the  functions  of  this  important  gene.   Production  of  transgenic  mice  carrying 
the  CD  44  gene  would  further  contribute  to  that  effort. 
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Project  Description: 

Objectives 

Several  mouse  strains  and  crosses  spontaneously  develop  autoimmxme  inunvme— 
mediated  pathology  resembling  that  of  human  systemic  lupus  and  other  rheumatic 
autoimmune  diseases,  including  Sjogren's  syndrome  and  rheumatoid  arthritis. 
(NZB  X  NZW)Fi  mice  spontaneously  develop  antibodies  to  nucleic  acids  and  die  of 
immune  complex  glomerulonephritis.  NZB  mice  develop  Coomb's  positive  hemolytic 
anemia,  membranous  nephrosis,  lymphadenopathy ,  antibodies  to  DNA  and 
glomerulonephritis.  MRL-lpr/lpr  mice  develop  massive  lymphadenopathy,  arthritis, 
arteritis ,  nephritis  and  produce  very  large  amounts  of  IgG  antibodies .  BXSB  mice 
and  their  hybrids  with  NZW  and  NZB  mice  develop  degenerative  coronary  artery 
disease  in  addition  to  glomerulonephritis .  These  mice  are  excellent  models  for 
studying  different  therapeutic  programs.  The  overall  objective  is  to  develop 
potentially  promising  new  therapies  which  ultimately  might  be  beneficial  in  the 
treatment  of  patients. 

Methods  Employed 

Comparison  of  different  therapeutic  regimens  on  the  natural  history  of  mice  with 
lupus  by  study  of  autoantibodies,  proteinuria,  renal  and  coronary  pathology, 
lymphadenopathy,  and  survival. 

Major  Findings 

1.  In  a  prior  study,  we  demonstrated  beneficial  effects  of  anti— XL  4  antibody 
administered  to  MRL-lpr/lpr  mice.  This  study  has  been  repeated  and  again  reduced 
lymphadenopathy  was  observed. 

2 .  Anti-IL  5  administered  to  NZB  mice  for  5  weeks  from  2  weeks  of  age  had  no 
obvious  effect.  In  particular,  there  was  no  reduction  in  serum  IgM 
concentrations . 

Proposed  course: 

Ultimately  we  would  like  to  extend  therapeutic  mouse  studies  to  humans; 
however,  the  agents  so  far  tested  are  not  of  sufficient  promise  to  supplant 
currently  used  human  therapies.  We  are  trying  to  obtain  more  useful  reagents 
for  that  purpose. 
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mRNA  hybridizing  with  probes  specific  for  human  endogenous  retroviruses 
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Project  Description: 

Objectives 

To  understand  the  pathogenesis  of  human  inunune  mediated  diseases.  This 
will  include  analyses  of  genetic,  immune,  and  environmental  factors  which  might 
contribute  to  disease.  Special  emphasis  will  be  placed  upon  gene, tic  factors. 
We  will  try  to  capitalize  upon  advances  in  murine  studies. 

Methods  Employed 

1.  Study  of  patients  and  families  with  SLE,  polymyositis,  rhevimatoid 
arthritis,  angioimmunoblastic  lymphadenopathy  and  familial  Medeterranian 
fever  (FMF)  with  regard  to  immune  functions. 

2.  Northern  analyses  of  endogenous  retroviral  expression. 

3.  Map  and  then  clone  gene(s)  associated  with  disease. 

4.  ELISA  spot  assay  to  enumerate  antigen— specific  antibody  secreting  B 
cells  at  the  single  cell  level. 

Major  Findings. 

1.  DNA  has  been  obtained  from  patients  with  FMF  and  family  members.   Multiple 

Southern  blots  have  been  made,  and  the  process  of  mapping  the  gene  for  FMF 
has  begun. 

2 .  We  have  previously  found  that  peripheral  blood  cells  from  patients  with 

several  autoimmune  rheumatic  diseases  were  found  to  contain  endogenous 
human  retroviral  RNA.  Such  RNA  was  also  found  in  some  normal  individuals. 
We  have  now  studied  additional  probes  and  additional  individuals. 
Unfortunately,  we  have  not  yet  found  a  probe  that  distinguishes  autoimmune 
and  normal  expression.   To  date,  the  probes  available  are  not  comparable 
to  —  as  subt3rpe  specific  as  -  those  used  in  murine  studies.   The  latter 
studies  have  demonstrated  a  need  for  very  specific  endogenous  retroviral 
probes  for  the  detection  of  differences  in  expression  between  lupus  and 
normals.  We  are  still  trying  to  obtain  such  probes  for  the  human  studies. 

3 .  The  ELISA  spot  assay  is  suitable  for  comparing  SLE  patients  and  normal  with 

regard  to  Ig  secreting  cells. 

Significance  to  Bio— medical  Research  and  the  Program  of  the  Institute 

We  are  trying  to  establish  the  basis  of  diseases  at  a  molecular  level  and 
determine  possible  genetic  basis  of  diseases. 
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Proposed  Course 

Dr.  Daniel  Kastner  has  been  the  prime  mover  of  the  FMF  project.  He  has 
now  moved  to  his  own  laboratory  and  will  be  the  principal  investigator  of  that 
project.  The  retroviral  studies  will  be  expanded  upon  when  newer  probes  become 
available  to  us.  With  the  newer  probes  we  will  attempt  to  determine  if  there 
is  a  retrovirus  or  endogenous  retroviral  "gene"  uniquely  associated  with  lupus. 
If  a  positive  result  is  obtained,  we  will  clone,  sequence,  and  study  it. 
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SUMMARY  OF  WORK  (Use  stanrlard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  high  affinity  -receptor  for  IgE  on  mast  cells  and  basophiils  plays  a  central 
role  in  immediate  hypersensitivity  reactions.   Crosslinking  of  bound  IgE  by 
polyvalent  antigen  leads  to  aggregation  of  the  receptors  and  cellular  secretion 
of  both  preformed  and  newly  synthesized  mediators  of  inflammation.   Although  a 
large  number  of  biochemical  and  morphological  events  have  been  observed  to  follow 
closely  aggregation  of  the  receptors,  the  molecular  mechanism  by  which 
aggregation  of  the  receptors  generates  these  responses  -  a  principal  interest  of 
our  laboratory  is  still  largely  undefined.   During  the  past  year  we  have 
continued  to  employ  mutated  receptors  in  order  to  analyze  which  portions  of  the 
receptor  participate  in  its  principal  functions  We  continued  to  employ  a  three 
tiered  strategy:   1)  Construction  of  mutants  and  testing  for  their  expression;  2) 
Identification  of  a  suitable  host  cell  which  itself  lacks  receptors  but  which 
possesses  the  molecular  machinery  to  respond  to  aggregation  of  transfected 
receptors  in  a  manner  characteristic  of  mast  cells;  3)  Assessment  of  which 
portions  of  the  receptor  are  required  to  activate  the  molecules  responsible  for 
the  cellular  activation.   Our  new  results  show:   1)  Expression  of  receptors  is 
relatively  tolerant  of  even  drastic  modifications  of  the  cytoplasmic  but  not  of 
the  transmembrane  domains.   Some  structural  insights  into  the  arrangement  of  the 
receptor  subunits  was  obtained.   2)  Some  functional  characteristics  of  the 
monomeric  and  aggregated  receptor  can  be  observed  on  easily  transfectable  COS-7 
cells.   3)  Other  functional  sequelae  of  receptor  aggregation  while  not  observed 
on  the  COS  cells,  but  which  we  previously  showed  can  be  observed  on  a  receptor- 
less  mast  cell  line  were  characterized  further.   4)  Although  the  latter  cell  line 
will  also  express  mutant  receptors,  accumulating  a  panel  of  such  mutant 
transfectants  may  prove  intolerably  slow  unless  different  approaches  for 
selecting  such  mutant  transfectants  can  be  developed. 
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Project  Description: 

Objectives; 

IgE  is  a  unique  class  of  immunoglobulin  that  plays  a  predominant  role  in 
the  pathophysiologic  events  associated  with  a  variety  of  allergic 
phenomena.   The  IgE  mediates  its  functions  by  binding  to  plasma  membrane 
receptors  on  mast  cells  and  related  cells.   The  binding  itself  is  not 
known  to  produce  changes;  however,  if  the  cell  bound  IgE  becomes 
aggregated  (e.g.  by  binding  to  a  multivalent  antigen),  rapid 
degranulation  of  the  cell  ensues.   It  is  now  known  that  the  critical 
initiating  event  is  aggregation  of  the  receptor  to  which  the  IgE  is 
bound.   Our  objective  is  to  understand  the  immediate  molecular  sequelae 
of  this  aggregation  since  this  may  have  implications  for  therapeutic 
manipulation  of  this  system  as  well  as  other  antibody-mediated  cell 
perturbations . 

Methods  Employed 

The  principal  new  method  employed  during  this  year's  work  was 
fluorescence  photobleaching  and  recovery  (FPR)  in  order  to  examine  the 
translational  diffusion  of  receptors  in  situ. 

Major  Findings 

1)   Preparation  and  expression  of  mutant  receptors.   We  extended  our 
previous  studies  so  that  each  of  the  five  cytoplasmic  extensions  of  the 
receptor  was  truncated  and  examined  in  all  combinations.   Each  was 
expressed  on  the  surface  of  COS  cells  (as  determined  by  a  resetting 
assay)  but  in  general  the  more  drastically  modified  receptors  were  least 
efficiently  expressed.   A  mutant  in  which  the  single  cytoplasmic  loop  of 
the  3  chain  is  cleaved  is  expressed  almost  normally,  but  an  attempt  to 
isolate  the  intact  receptor  from  such  cells  was  unsuccessful  -  presumably 
because  of  the  increased  lability  of  the  subunit  interactions. 
Nevertheless,  this  3  chain  mutant  should  prove  useful  in  exploring  the 
interactions  between  the  subunits.   We  were  more  successful  with  mutants 
of  the  Y  chain  in  which  the  effect  of  converting  one  or  both  cysteine 
residues  was  examined.   Combined  with  biosynthetic  studies,  our  results 
unambiguously  showed  that  it  is  cysteine  7  of  the  processed  y   chain  which 
forms  the  disulfide  bond  in  the  dimer  of  y  chains.   This  made  it  possible 
to  define  the  radial  disposition  of  the  residues  in  the  transmembrane 
domain  of  the  y  chain  and  revealed  a  pattern  previously  seen  with  other 
transmembrane  segments:   The  residues  that  form  the  interface  between  the 
transmembrane  domains  are  considerably  more  polar  than  those  that  are 
presumptively  exposed  to  the  lipid  bilayer.   The  latter  residues  are 
also  more  subject  to  evolutionary  changes  than  those  at  the  interface. 

Consistent  with  this  pattern,  when  relatively  modest  changes  in  the  polar 
residues  of  the  y  and  other  subunits  were  genetically  engineered,  surface 
expression  was  much  less  efficient.   We  surmise  that  such  changes 
interfere  with  the  assembly  of  the  receptor  making  it  more  vulnerable  to 
degradative  pathways  that  compete  with  the  pathway  towards  surface 
expression. 
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2)  Studies  of  receptor  movements  in  transfected  COS  cells.   We 
transfected  COS  cells  with  wild-type  or  various  combinations  of  mutated 
subunits  and  examined  several  properties  of  the  receptors:   their  rate  of 
lateral  diffusion  and  the  mobile  fraction,  both  before  and  after 
aggregation,  and  their  internalization  after  crosslinking.   Studies  in 
other  systems  have  implicated  the  cytolasmic  domains  of  various  membrane 
proteins  as  affecting  such  properties.   IgE  receptors  with  one  or  more 
truncated  cytoplasmic  domains  were  examined.   Surprisingly  the  properties 
of  such  mutants  were  very  similar  to  those  of  the  wild-type.   We  conclude 
that  to  the  extent  the  particular  properties  we  studied  involve 
interactions  with  other  cellular  proteins,  such  interactions  do  not 
involve  the  cytoplasmic  extensions  of  the  receptor  We  noted  however  that 
the  rate  of  internalization  of  the  transfected  receptors  on  COS  after 
crosslinking  was  relatively  slow  compared  to  the  internalization  of 
either  endogenous  or  transfected  receptors  on  mast  cell  lines.   There  is 
evidence  that  the  rapid  internalization  on  such  cells  is  via  coated  pits. 
It  is  possible  that  the  ability  of  mutated  receptors  to  interact  with 
coated  pit  components  will  be  found  to  be  impaired. 

3)  Receptor  activation  of  transfected  mast  cells.   We  completed  studies 
of  a  receptor-less  mast  cell  line  (P815)  which  exhibits  some  of  the 
characteristic  responses  after  aggregation  of  the  IgE  receptors  with 
which  it  had  been  transfected.   Although  the  response  was  not  as  robust 
as  seen  with  normal  mast  cells  or  a  mast  cell  line  with  endogenous 
receptors,  this  was  also  true  when  the  cells  were  stimulated  via  the 
thrombin  receptor  or  non-specif ically  with  ionophore.   Thus  the  reduced 
responsiveness  appears  to  reflect  a  general  property  of  the  cells  rather 
than  a  defect  in  the  transfected  receptors. 

These  cells  also  possess  one  or  more  endogenous  Fc^  receptors.   When 
aggregated,  these  receptors  are  also  able  to  initiate  cellular  responses 
such  as  a  rise  in  cytoplasmic  Ca   .   These  receptors  are  thought  to 
consist  of  either  an  a-like  chain  alone  (Fc^RIl)  or  an  a-like  chain 
associated  with  a  y   chain  (Fc^RIIl),  but  in  any  case  no  3  chain.   This 
raises  the  question  of  what  the  special  role  the  P  chain  of  the  IgE 
receptor  plays. 

Work  has  begun  on  preparing  a  panel  of  P815  transfectants  containing 
mutant  receptors.   Although  we  have  had  success  with  two  of  these,  our 
overall  experience  has  been  frustrating.   Thus,  while  such  transfectants 
initially  show  a  small  or  occasionally  modest  percentage  of  cells 
expressing  receptors,  we  have  usually  been  unsuccessful  in  obtaining 
stable  cloned  lines  of  cells  all  of  which  are  receptor  positive.   We 
tried  using  a  panning  technique  and  although  this  is  capable  of  selecting 
receptor-positive  cells,  many  of  these  appear  to  bear  only  small  numbers 
of  receptors. 

Significance  to  Biomedical  Research 

It  appears  that  using  mutational  analysis  will  provide  us  a  powerful  tool 
by  which  to  identify  regions  of  the  IgE  receptor  which  are  critical  for  a 
variety  of  cellular  responses  that  the  receptor  initiates.   Although  so 
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far  we  have  principally  identified  regions  that  are  not  essential  for  the 
functions  being  examined,  such  results  are  in  fact  the  most  easily 
interpreted.   (When  a  mutation  leads  to  a  loss  of  function  there  is 
always  the  concern  that  the  effect  is  not  due  to  the  direct  involvement 
of  the  region  in  question,  but  results  instead  from  an  indirect  effect  on 
the  receptor's  structure.)  Once  critical  regions  are  defined  his 
information  can  be  used  to  try  to  identify  critical  "post-receptor" 
macromolecules  with  which  the  receptor  interacts.   Interfering  -ith  such 
interactions  can  then  be  studied  as  a  means  by  which  to  interfere  with 
receptor  function  in  allergic  reactions. 

Proposed  Course 

1)  Studies  on  receptor  movements.   We  will  begin  studies  on  transfected 
P815  cells  (and  possibly  other  cells  [below])  in  which  the  endocytosis  of 
the  aggregated  occurs  at  a  rate  similar  to  that  observed  in  other  systems 
in  which  a  coated  pit  mechanism  prevails.   If  this  proves  to  be  the  case 
with  wild- type  receptors,  we  will  then  begin  examining  cells  transfected 
with  mutant  receptors. 

We  also  plan  to  study  another  phenomenon:   the  adherence  of  aggregated 
receptors  to  cytoskeletal  structures.   Although  there  is  evidence  that 
such  an  interaction  may  play  a  role  in  deactivating  rather  than 
activating  the  receptor,  it  will  nevertheless  be  interesting  to  see 
whether  we  can  define  exactly  which  subunits  of  the  receptor  may  be 
directly  involved  in  these  interactions. 

2)  Studies  on  functional  transfectants.   We  plan  to  pursue  our  attempts 
to  utilize  the  P815  line  for  studying  the  effect  of  receptor  mutations  on 
transmembrane  signalling.   New  approaches  will  be  used  by  which  we  can 
select  and/or  identify  the  small  number  of  transfectants  expressing 
substantial  numbers  of  receptors. 

We  also  plan  to  study  other  receptor- less  cell  lines  which  for  a  variety 
of  reasons  can  be  expected  to  be  responsive  to  transfected  receptors. 
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action  of  antibodies.  Wash  DC:  Am  Soc  of  Microbiology,  1990;239-59. 

2.  Metzger  H.  General  aspects  of  antibody  action.   In:  Metzger  H.  ed.  Fc 
receptors  and  the  action  of  antibodies.  Wash  DC:  Am  Soc  of  Microbiology, 
1990;7-11. 
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Project  Description: 

Objectives 

The  Arthritis  and  Rheumatism  Branch  has  a  major  interest  in  the 
management  of  the  nephritis  of  systemic  lupus  erythematosus  (SLE) .   Renal 
failure  is  th:  most  feared  complication  in  the  disease.   The  renal  damage  is 
largely  in  the  glomeruli.   It  has  been  suggested  that  drugs  capable  of 
altering  the  antibody  response,  "immunosuppressives",  would  reduce  the 
formation  of  antibody  and  thus  of  antigen- antibody  complexes.  The  objective 
of  this  study  is  to  assess  the  efficacy  and  toxicity  of  various 
immunosuppressive  drug  programs  in  SLE  nephritis. 

Methods  Employed 

Patients  with  systemic  lupus  erythematosus  and  active  nephritis  have 
been  entered  into  several  trials .  All  patients  are  repeatedly  reevaluated 
with  a  tests  of  renal  inflammation  and  renal  function,  serological  studies, 
and  urinalyses.   Treatment  failures  can  be  withdrawn  according  to  protocol. 
Long-term  follow-up  of  patients  previously  admitted  continues.   Our  latest 
protocol  involved  randomizing  patients  to  receive  monthly  one  of  the 
following:   (i)  bolus  cyclophosphamide,  (ii)  bolus  methylprednisolone,  or 
(iii)  both.   Eighty  patients  have  now  been  recruited  and  the  study  is  closed 
to  new  patients . 

Major  findings 

1.  We  have  completed  a  long-term  analysis  of  patients  randomized  many  years 
ago  to  different  treatments.   With  regard  to  progression  to  renal 
failure,  there  is  a  statistically  significant  difference  between 
patients  randomized  to  receive  intravenous  cyclophosphamide  and 
randomized  to  receive  corticosteroids  only.   This  was  true  of  the  entire 
group  (which  was  not  true  of  the  prior  paper  from  our  group  on  this 
subject)  as  well  as  the  group  at  "high  risk"  for  renal  failure. 

2.  Short-term  follow-up  (at  one  year)  of  patients  in  the  current  study  has 
not  provided  evidence  for  clear-cut  differences  between  the  groups. 
Renal  failure  has  been  observed  in  a  few  patients ,  including  those 
randomized  to  receive  cyclophosphamide.   Re -treatment  has  been  required 
for  many  patients  in  all  three  groups .   The  average  changes  in  urine 
sediment,  proteinuria,  and  serum  creatinine  are  not  different  among  the 
three  groups  at  one  year.   Four  patients  receiving  both  IV-CY  and  IV-MP 
have  become  allergic  to  the  IV-MP,  and  two  patients  receiving  IV-MP  also 
have  become  allergic  to  the  drug.   Some  of  these  have  successfully 
switched  to  oral  medication. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute 

These  studies  are  relied  upon  by  physicians  concerned  with  SLE  all  over 
the  world.   We  have  been  one  of  very  few  units  able  to  speak  from  the  hard 
data  base  of  controlled  studies. 
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Proposed  Course 

We  will  continue  to  follow  these  patients  on  their  assigned  programs. 
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Streptococcal  cell  wall  arthritis  in  LEW/N  rats  closely  resembles  rheumatoid 
arthritis  in  humans.   In  addition  to  other  growth  factors,  recent  data  have 
implicated  heparin  binding  growth  factor  (HBGF-1)  in  the  disease  process. 

We  have  previously  presented  data  indicating  that  a  defective  hypothalamic- 
pituitary-adrenal  (HPA)  axis  response  is  associated  with  the  extreme 
susceptibility  to  arthritis  in  LEW/N  rats.  During  the  past  year,  we  have 
extended  our  studies  of  neuroendocrine  regulatory  mechanisms.  In  addition  to 
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Project  Description: 

Background  and  Objectives 

Bacterial  cell  wall- induced  arthritis  is  an  experimental  animal  model  of 
chronic  proliferative  and  erosive  synovitis,  closely  resembling  rheumatoid 
arthritis,  that  is  induced  by  systemic  administratioi;  of  biodegradation 
resistant  bacterial  cell  wall  fragments  in  aqueous  solution.   The  development 
of  disease  is  under  the  control  of  genetic  factors.   Previoulsly  published 
data  from  our  laboratories  have  shown  that  arthritis -susceptible  LEW/N  rats 
have  a  profound  defect  in  the  HPA  axis  response  to  various  inflammatory 
stressors,  whereas  arthritis -resistant  F344/N  rats  have  robust  responses. 
Studies  in  progress  have  the  following  goals: 


A.  To  characterize  the  host  molecular  genetic  factors  that  regulate 
susceptibility  to  develop  arthritis. 

B.  To  better  define  pathophysiologic  processes  by  characterizing 
differences  between  high  and  low  responder  inbred  rat  strains. 

C.  To  define  mechanisms  leading  to  tissue  injury  and  destruction. 

D.  To  develop  techniques  to  modulate  the  process. 

Major  New  Findings: 

1.    Cytokine s/Growth  Factors:  Studies  of  the  roles  of  various  factors 
have  continued. 

a.  Synovial  neovascularization  is  a  characteristic  feature  of 
streptococcal  cell  wall  arthritis.  We  have  recently  published 
data  providing  evidence  that  polypeptide,  acidic  fibroblast 
growth  factor,  or  heparin  binding  growth  factor-1,  was 
involved.  In  our  most  recent  studies  we  have  examined 
arthritic  joints  for  evidence  of  HBGF-1  effects.   For 
example,  we  have  found  intense  expression  of  phosphotyrosine 
in  situ,  particularly  in  endothelial  cells  which  developed 
coincident  with  HBGF-1  expression.   Sustained  synovial 
expression  of  HBGF-1  and  phosphotyprosine  was  thymus- 
dependent.  Expression  was  minimal  in  arthritis -resistant 
F344/N  rats. 

b.  The  expression  of  cyclooxygenase  in  situ  in  arthritic  joints 
is  being  examfned.  Enhanced  expression  of  both  mRNA  and 
protein  has  been  demonstrated.  Like  other  inflammatory 
mediators,  expression  was  also  thymus -dependent  and  minimal 
in  arthritis-resistant  F344/N  rats. 
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2.   Studies  of  neuroendocrine  regulatory  mechanisms  in  the  disease 
process  have  continued.  New  findings  include: 

a.   To  evaluate  the  mechanism  and  specificity  of  the 

hypothalamic -pituitary- adrenal  (HPA)  axis  defect  in 
arthritis -prone  LEW/N  rats,  we  examined  the  ability  of  three 
major  excitatory  neurotransmitter  systems  to  activate  the  HPA 
axis  in  LEW/N  and  F344/N  rats.  The  responsiveness  of  plasma 
ACTH  and  corticosterone  to  cholinergic  muscarinic  receptor 
agonists,  alpha-1  adrenergic  receptor  agonists,  and  serotonin 
type  2  receptor  agonists  was  significantly  blunted  or  absent 
in  LEW/N  versus  arthritis-resistant  F344/N  rats.  To  localize 
the  defect  to  the  hypothalamus,  we  evaluated  the  ability  of 
explanted  hypothalami  from  the  two  strains  for  secretion  of 
corticotropin  releasing  hormone  (CRH)  in  vitro  in  response  to 
the  various  agonists.  LEW/N  hypothalami  released  less  CRH  in 
all  cases,  and  the  dose -response  curves  were  shifted  to  the 
right  or  abolished,  suggesting  markedly  decreased  sensitivity 
of  the  CRH  neurons  to  the  neurotransmitters.   The  binding 
affinity  and  number  of  muscarinic,  alpha-l/alpha-2 ,  or 
serotonin  type  2  receptors  in  LEW/N  and  F344/N  hypothalamic 
and  cerbral  cortex  were  virtually  identical.   These  data 
indicated  that  the  HPA  axis  of  arthritis -prone  LEW/N  rats  is 
hyporesponsive  to  a  variety  of  neurotransmitter  stimuli,  as 
well  as  stimuli  such  as  interleukin-1  and  streptococcal  cell 
walls,  and  suggest  that  the  defects  may  relate  to  a  global 
defect  in  the  mechanisms  transducing  activation  of  the  CRH 
gene  in  the  hypothalamus.  Since  a  similar  defect  has  also 
been  noted  for  enkephalin  gene  expression,  abnormalities  in 
second  messenger  gneration  or  effects  are  suspected. 

b.  Preliminary  data  has  been  obtained  indicating  the  LEW/N  and 
F344/N  rats  differ  dramatically  in  their  HPA  axis  response 
not  only  to  inflammatory  mediators  and  neurotransmitters,  but 
also  to  a  wide  variety  of  behavorial  stressors. 

c.  Breeding  studies  of  LEW/N  and  F344/N  rats  have  been  initiated 
with  the  goal  of  defining  the  genetic  mechanisms  underlying 
the  HPA  defect  in  LEW/N  rats.   Preliminary  data  suggest  that 
the  defective  phenotype  is  codominant  and  segregates  in  the 
F2  generation  as  if  it  is  regulated  by  a  limited  number  of 
genes . 


d.        Studies  of  the  ontogeny  of  the  HPA  defect  have  been 

initiated.   Preliminary  data  indicate  that  HPA  axis  responses 
are  blunted  throughout  the  lifespan  of  the  LEW/N  rat.   In 
contrast,  a  blunted  response  is  observed  only  during  the 
first  21  days  after  birth  in  F344/N  rats. 
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Significance  to  Biomedical  Research  and  Program  of  the  Institute 

Peptidoglycan- containing  bacterial  cell  wall  fragments  have  received 
increasing  attention  in  recent  years  as  possible  pathogenetic  agents  in  some 
cases  of  chronic  synovitis.   This  experimental  animal  model  provides  a 
powerful  tool  to  sxplore  the  pathogenesis  of  chronic  proliferative  and  erosive 
arthritis.   We  have  defined  parameters  of  both  the  host  (cell  wall 
distribution,  inflammatory  mechanisms,  role  of  T-lymphocytes  and  various 
cytokines,  neuroendocrine  mechanisms,  etc.)  and  the  bacteria  (type,  resistance 
to  biode gradation,  fragment  size)  which  influence  the  development  of 
arthritis.  Our  recent  studies  on  this  model  have  provided  an  entirely  new 
concept  for  the  inherited  basis  of  autoimmune/inflammatory  diseases.  Our 
recent  data  suggest  that  autoimmune/inflammatory  diseases  may  result  from 
defective  activation  of  counterregulatory  stress  pathways  involving  the 
hypothalamic-pituitary-adrenal  axis.  These  observations  suggest  a  multitude  of 
new  research  opportunities  in  autoimmune/inflammatory  in  humans. 

Proposed  Course: 

The  role  of  the  hypothalamic-pituitary  axis  in  regulating  disease 
susceptibility  will  continue  to  be  a  major  focus  of  additional  research.  In 
particular,  delineation  of  the  molecular  genetic  basis  for  the  defect  in  LEW 
rats  will  continue  to  be  vigorously  pursued.   Studies  already  begun  on  HBGF-1, 
cyclooxygenase ,  and  phospho tyrosine  will  be  completed. 
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The  single  feature  most  characteristic  of  rheumatoid  arthritis  is  tumorlike 
proliferation  of  the  synovium.   Transformed-appearing  f ibroblastlike  cells  and 
new  blood  vessels  are  the  major  proliferating  cell  populations.  During  the 
past  year,  we  have  obtained  additional  evidence  that  platelet-derived  growth 
factor,  particularly  a  PDGF-B-like  polypeptide,  plays  a  role  in  regulating  the 
growth  and  function  of  the  f ibroblast-like  cells  in  diseased  synovium.   We 
have  shown  that  its  production  correlates  with  expression  of  acidic  fibroblast 
growth  factor,  or  heparin  binding  growth  factor- 1,  in  rheumatoid  synovial 
tissues.   These  growth  factors  probably  synergistically  stimulate  the 
tumorlike  proliferation  of  rheumatoid  synovium. 

We  have  continued  studies  of  the  regulation  of  collagenase  and 
transin/stromelysin  transcription  by  inter leukin-1  in  rheumatoid  synovial 
fibroblasts.   We  have  provided  evidence  that  collagenase  transcription  is 
regulated  through  a  cis  regulatory  element,  the  TRE,  and  the  transactivating 
factors,  c-jun  and  cfos,  which  together  comprise  the  AP-1  element.   Retinoid 
suppression  of  collagenase  transcription  is  mediated  through  inhibition  of  c- 
fos  transcription.   We  have  shown  that  IL-1  regulation  of  stromelysin  involves 
two  antagonistic  pathways,  an  inhibitory,  cAMP- dependent  and  stimulatory, 
protein  kinase  C-dependent  pathway. 
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Objectives: 

The  inner  surface  of  the  capsule  of  diarthrodial  joints  is  lined  by  a  delicate 
vascular  connective  tissue  known  as  the  synovial  membrane.   It  consists  of  one 
or  two  layers  of  synovial  lining  cells  (synoviocytes)  overlaying  an  areolar  or 
fibrous  connective  tissue.   In  conditions  such  as  rheumatoid  arthritis  (RA)  , 
the  surface  layer  of  the  membrane  is  markedly  thickened  and  the  deeper  areolar 
tissue  of  the  membrane  is  filled  by  infiltrating  T  lymphocytes,  macrophages 
and  plasma  cells,  producing  a  picture  typical  of  chronic  inflammation.  Massive 
ttmiorlike  proliferation  of  the  synovial  connective  tissue  cell  populations  are 
also  characteristic.   The  objectives  of  this  study  are  to  further  characterize 
this  inflammatory  tissue  by  study  of  tissue  biopsy  specimens  and  to  delineate 
the  molecular  mechanisms  vmderlying  its  pathological  development. 

Current  objectives  include: 

1.  In  situ  characterization  of  the  cells  in  rheumatoid  synovium.   We  are 
analyzing  frozen  and  paraffin  embedded  sections  of  synovial  tissue  with 
a  battery  of  well-characterized  antibodies.  Particular  emphasis, 
currently,  is  demonstrating  the  presence  and  sites  of  production  of 
various  growth  factors  in  synovivim. 

2.  In  vitro  culture  studies.  We  are  examining  the  effects  of  cytokines 
such  as  platelet-derived  growth  factor,  transforming  growth  factor 
beta,  intereukin  1,  fibroblast  growth  factors  on  the  growth  and 
function  of  rheumatoid  synovial  fibroblast- like  cells.  Particular 
emphasis  is  currently  on  the  regulation  of  collagenase  and  transin 
expression. 

Major  New  Findings 

1.  PDGF  and  Rhevunatoid  Synovitis:  The  production  of  PDGF- related  polypeptides 
by  rheumatoid  synovium  has  been  examined  further.   In  situ  immunohistochemical 
staining  with  recently  developed  polyclonal  anti-PDGF  B  antibodies  further 
confirm  the  high  level  expression  of  these  polypeptides  in  synovial 
macrophages.   Metabolic  labeling  studies  have  shown  that  the  dominant 
polypeptide  is  similar  in  size  to  the  major  form  of  macrophage  derived  PDGF-B 
(about  15kd).  It  is  also  similar  to  the  recently  described  PDGF-B-like 
polypeptide  found  in  wound  fluids.   In  contrast,  PDGF-A  chain  expression 
appears  to  be  substantially  less  prominent.  The  data  provide  additional 
evidence  that  macrophage -derived  PDGF-B-like  polypeptides  play  a  role  in  the 
hyperplasia  of  rheumatoid  synovial  connective  tissues. 

2.  IL-1  Regulation  of  Collagenase  Transcription:  Since  collagenase  production 
by  rheumatoid  synovial  fibroblasts  plays  a  major  role  in  cartilage  and  bone 
destruction  in  rheumatoid  arthritis,  we  have  been  studying  the  molecular 
mechanisms  involved  in  IL-1  stimulation  of  collagenase,  as  well  as  the 
mechanisms  by  which  retinoids  inhibit.  By  examining  deletion  mutants  of  the 
5' -flanking  region  of  the  collagenase  gene  ligated  to  a  chloramphenical 
acetyltransferase  (CAT)  reporter  gene,  we  showed  that  the  IRE,  a  cis 
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regulatory  element  in  the  collagenase  gene  promoter  region,  mediates  both  the 
IL-1  mediated  stimulation  and  retinoid  inhibition.  We  showed  that  IL-1 
transiently  induces  the  protooncogenes ,  c-jun  and  c-fos,  and  that  retinoids 
inhibit  c-fos,  but  not  c-jvin,  expression.  c-Jun  and  c-Fos  have  been  previously 
shown  by  others  to  dimerize  to  form  the  active  transactivating  factor  AP-1. 
These  results  are  consistent  with  the  view  that  retinoids  inhibit  collagenase 
gene  transcription,  in  part  through  inhbition  of  c-fos  and  generation  of  AP-1. 
These  results  were  confimned  using  c-fos  promoter  CAT  constructs  in 
transfection  experiments  with  rheumatoid  synovial  fibroblasts. 

3.  IL-1  Regulation  of  Trans in/Stromely sin  Transcription:  IL-1  is  a  potent 
activator  of  the  metalloproteinase,  transin/stromelysin,  in  rheumatoid 
synovial  fibroblasts,  but  the  transduction  mechanisms  are  controversial.  cAMP 
has  been  regarded  as  an  Important . second  messenger,  but  we  and  others  have 
shown  that  cAMP  inhibits  stromelysin  transcription.  In  addition  to  stimulating 
stromelysin  transcription,  IL-1  induced  prostaglandin  E2  production  in 
rheumatoid  synovial  fibroblasts.  We  have  shown  that  IL-1  stimulates  a  time- 
dependent  accumulation  of  cAMP  in  quiescent  rheumatoid  synovial  fibroblasts, 
an  effect  that  is  blocked  by  the  prostaglandin  synthase  inhibitor, 
indomethacin.  The  cAMP  agonists  forskolin,  IMBX,  and  prostaglandin  E2 
suppressed  the  induction  stromelysin.  Conversely,  indomethacin  super-induced 
IL-1-elicited  stromelysin  transcription.  These  results  were  duplicated  with 
cells  transfected  with  the  stromelysin  promoter  ligated  to  a  CAT  reporter 
construct.  Moreover,  2' ,5' -dideoxy adenosine,  an  inhibitor  of  adenylate 
cyclase,  also  augmented  the  IL-1  induction  of  stromelysin  mRNA.   In  contrast, 
staurosporine,  a  specific  inhibitor  of  protein  kinase  C,  blocked  the  IL-1 
induction  of  transin/stromelysin  transcription.  We  have  concluded  that  IL-1 
stimulates  at  least  two  transduction  pathways  in  rheumatoid  synovial 
fibroblasts,  and  that  these  have  antagonistic  effects  of  the  regulation  of 
transin/stromelysin  transcription. 

Sipiificance  to  Biomedical  Research  and  Program  of  the  Institute 

An  understanding  of  the  primary  mechanisms  by  which  joint  destruction  is 
produced  in  diseases  such  as  rhevunatoid  arthritis,  requires  knowledge  about 
the  types  of  cells  in  the  inflammed  tissues,  their  differentiation  state,  the 
mechanisms  regulating  their  activity,  etc.   Our  studies  address  these 
questions  and  provide  insight  into  pathogenetic  mechanisms.  New  therapeutic 
approaches  are  suggested  from  these  studies. 

Proposed  Course 

Studies  are  continuing  with  particular  emphasis  in  defining  the  roles  of 
platelet  derived  growth  factor,  acidic  fibroblast  growth  factors,  interleukin- 
1  and  transforming  growth  factor-beta  on  regulating  synovial  mesenchymal  cell 
growth  and  function.  In  particular,  the  regulation  of  transin/stromelysin, 
collagenase  and  cyclooxyenase  is  being  pursued.   These  meditors  appear  to  play 
an  essential  role  in  extracellular  matrix  resorption.  An  understanding  of 
these  processes  is  highly  relevent  to  rheumatoid  arthritis. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Idiopathic  inflammatory  myopathy  (poly-dermatomyositis)  is  an  inflammatory 
disease  of  muscle  in  which  characteristic  autoantibodies  occur.   By  applying  a 
broad  range  of  immunological,  clinical,  and  epidemiological  observations  to  a 
large  (expanded  in  the  past  year  to  over  250)  group  of  patients,  we  have 
developed  evidence  for  subsets  of  patients  which  strongly  suggest  that  the 
disease  can  be  divided  into  more  meaningful  groups  with  different  etiology, 
pathogenesis  and  response  to  therapy.   Studies  on  the  seasonal  and  geographic 
distribution  of  disease  sub-types  are  well  underway.   Laboratory  studies  have 
shown  that  the  major  autoantibody,  anti-Jo-1,  which  defines  a  clinically 
important  subgroup  of  patients,  appears  to  be  an  antigen-driven  secondary 
response  directed  to  a  conformational,  not  a  linear,  epitope  of  histidyl  tRNA 
synthetase.   The  discovery  of  affinity-maturation  in  the  early  response  to 
this  antigen  powerfully  implicates  the  enzyme  itself  as  the  driving  antigen. 
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Project  Description; 

Objectives; 

1)  By  a  study  of  a  variety  of  parameters  of  disease,  to  uncover  subsets 
of  patients  who  may  have  a  connnon  etiology  or  pathogenesis. 

2)  To  understand  the  relationship  between  the  presence  of  a  particular 
autoantibody  and  the  disease  in  which  it  is  found. 

3)  To  seek  direct  evidence  for  a  viral  cause  of  human  myositis  by 
probing  tissues  for  viral  nucleic  acid  by  in  situ  hybridization. 

Methods ; 

1)  Routine  clinical  observations  have  been  supplemented  by  extensive 
evaluation  of  heart  and  lung  function  and  by  careful  epidemiologic  data. 
The  observations  have  been  entered  into  a  computer  and  are  being  analyzed 
by  programs  developed  in  part  by  members  of  our  group. 

2)  Studies  on  anti-Jo-1  antibodies  have  involved  development  of  a 
sensitive,  antigen-specific,  sub-class  specific  ELISA  assay  and  of  a 
method  for  detection  of  isoelectrically-focussed  antibodies.   The  Pepscan 
system  was  used  to  synthesize  all  possible  hexapeptides  of  histidyl-tRNA 
synthetase  to  search  for  linear  epitopes  recognized  by  anti-Jo-1 
antisera.   The  cloned  HRS  dDNA  has  been  placed  in  several  vectors  in  an 
attempt  to  product  pure  antigen  for  further  studies. 

3)  In  situ  hybridization,  worked  out  in  animal  studies,  is  being  adapted 
to  human  biopsy  specimens,  to  seek  viral  nucleic  acid. 

A)  HLA  antigens  in  patients  haven  been  studied  by  routine  methods.   Cell 
lines  have  been  established  from  a  large  number  of  patients .   HLA  types 
are  being  studied  by  PCR  methods. 

Major  Findings; 

1)  With  computer-assisted  analysis,  we  have  established  that 
serologically  and  pathologically-defined  subgroups  of  patients  with  IIM 
differ  with  respect  to  rapidity  of  onset,  season  of  onset,  clinical 
manifestations,  and,  most  important,  response  to  therapy.   Some  of  these 
observations  have  been  published  and  several  manuscripts  are  in 
preparation. 

2)  We  have  recently  established  affinity  maturation  of  the  antibodies  to 
HRS  in  a  patient  observed  early  in  disease,  showing  that  HRS  itself, 
rather  than  a  molecular  mimic  drives  this  response.   We  have  found  also 
that  a  subset  of  patients  with  anti-Jo-1  antibodies  make  antibodies  to 
tRNA  HIS  simultaneously.   Attempts  -  so  far,  none  successful  -  have  been 
made  to  express  cloned  cDNA  of  HRS  in  bacterial  expression  systems. 
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Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute 

The  recognition  of  subsets  may  clarify  the  etiology  and  pathogenesis  of  this 
disease  family  and  shed  light  on  a  number  of  closely  related  rheumatologic 
diseases.   Establishing  that  an  autoantibody  response  is  antigen-driven  and 
related  to  disease  activity  enforces  the  view  that  specific  etiologic  agents 
should  be  sought. 

Future  Course; 

We  will  continue  to  gather  patient  clinical,  serologic,  and  epidemiologic  data 
and  use  the  computer  to  help  analyze  them.   In  situ  studies  on  putative 
positive  tissue  will  continue  as  will  the  development  of  a  PCR  adapted  to 
fixed  biopsy  specimens.  The  epitope  analysis  of  Jo-1  will  continue  using 
cloned  protein.  The  analysis  of  about  50  human  human  biopsy  specimens  for  5 
candidate  viruses  in  underway  by  PCR  and  ISH. 
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We  have  continued  to  study  the  pathogenesis  of  EMC-221A-virus  initiated 
inflammation  in  mice.   We  are  currently  assaying  tissues  from  mice  by  the  more 
sensitive  PCR  technique  to  extend  earlier  observations  made  by  in  situ 
hybridization.   We  have  extended  studies  on  the  relationship  between  viral 
persistence  and  pathogenesis  by  experiments  with  nude  mice. 
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Project  Description 

Objectives; 

To  understand  the  pathogenesis  of  a  chronic  inflammation  initiated  by  a  short- 
lived virus  in  an  attempt  to  understand  how  an  infectious  agent  can  initiate  a 
self-sustaining,  apparently  autoimmune  illness. 

Methods ; 

We  track  virus  by  direct  hybridization  of  tissue  extracts  and  of  tissue 
sections  (in  situ  hybridization)  using  radioactive  RNA  probes.   We  have 
developed  PCR  for  detecting  single-stranded  viral  RNA.   PCR  has  been  used  to 
expand  a  cDNA  of  the  viral  genome.   Studies  have  been  performed  on  T-cell 
deficient  nude  mice  to  further  probe  the  relationship  between  viral 
persistence  and  pathogenesis. 

Major  Findings; 

Nude  mice,  which  have  an  impaired  immune  response  due  to  T  cell  deficiency, 
have  lower  anti-viral  antibody  titres,  much  longer  viral  persistence,  much 
more  severe  myocarditis  and  more  severe  central  nervous  system  disease  than 
congenic  normal  mice.   Thus,  continued  inflammation  appears  to  correlate  with 
the  presence  of  persistent  viral  genome  in  this  model  of  apparently  autoimmune 
inflammation. 


Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Understanding  the  transition  from  acute  viral  infection  to  chronic,  apparently 
self-sustaining  inflammation  should  shed  light  on  how  a  virus  could  initiate  a 
human  autoimmune  disease. 

Future  Course; 

To  seek  viral  genome  in  infected  animals  by  increasingly  sensitive  methods, 
particularly  PCR,  and  to  seek  viral  protein  by  sensitive  immunologic 
techniques.   This  work  depends  in  part  on  sequencing  the  genome  of  EMC-221A,  a 
project  which  is  underway.   We  will  attempt  to  make  infectious  clones  of  EMC- 
221A  so  that  the  exact  structures  critical  for  infection  and  persistence  can 
be  recognized. 
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SUMMARY  OF  WORK  (Use  standam  unreduced  type.  Do  not  exceed  the  space  provided.) 

Severe  idiopathic  inflammatory  myopathies  (polymyositis,  dermatomyositis,  and 
related  diseases)  that  respond  poorly  to  corticosteroids  are  difficult  to 
treat.   We  have  undertaken  three  therapeutic  trials  for  the  treatment  of  such 
patients:   a)  a  controlled  double-blind  trial  of  phasmapheresis  and 
leukapheresis;  b)  a  controlled,  crossover  trial  of  intravenous  methotrexate 
with  leucovorin  rescue  and  a  combination  of  methotrexate  and  azathioprine;  c) 
an  open  trial  of  i.v.  cyclophosphamide  (completed). 

The  trial  of  apheresis  has  just  been  closed  after  39  patients  have  completed 
it.   Analysis  of  the  results  is  underway.   The  trial  of  i.v.  methotrexate  and 
combination  therapy  continues,  although  patients  with  inclusion  body  myositis 
are  no  longer  being  entered  because  of  poor  results  in  the  first  12  patients 
randomized. 


PHS  6040  (Rev.  1/84) 


SPO  si4.«ia 


I 


77 

ZOl  AR  A1076-03  ARB 

Project  Description 

Objectives; 

1.   To  determine  whether  plasmapheresis  or  lymphopheresis  improves  the 
course  of  severe  polymyositis  or  dermatomyositis. 

3.   To  determine  whether  methotrexate  given  intravenously  or  in 
combination  with  azathioprine  improves  the  course  of  patients 
unresponsive  to  apheresis  euid/or  conventional  therapy. 

Methods 

a)  Patients  with  PM  or  DM  resistant  to  steroids  or  in  whom  severe 
steroid  side-effects  are  present  are  randomized  to  4  weeks  (12 
procedures)  of  phasmapheresis,  lymphapheresis,  or  a  sham  procedure. 
Careful  testing  is  done  to  determine  the  effect  of  therapy. 

b)  Patients  who  fail  apheresis,  are  ineligible  for  apheresis,  or  who 
have  inclusion  body  myositis  are  randomized  to  receive  intravenous 
methotrexate  or  a  combination  of  oral  methotrexate  and  azathioprine. 
Those  who  have  deteriorated  at  three  months  or  who  have  failed  to  improve 
by  six  months  are  crossed  over  to  the  other  therapy. 

Major  Findings: 

1)  The  apheresis  trial  has  been  closed  after  entry  of  39  evaluable 
patients.  Analysis  of  the  results  is  underway. 

2)  After  12  patients  with  IBM  entered  the  trial  of  i.v.  methotrexate  and 
combination  therapy,  it  was  decided  to  stop  because  of  poor  outcomes  with 
both  therapies  in  the  amjority  of  patients. 

3)  Patients  with  polymyositis  and  dermatomyosisis  will  continue  to  enter 
the  trial. 

4)  The  trial  of  i.v.  cyclophosphamide  is  complete  and  published. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute 

This  is  an  attempt  to  improve  the  therapy  of  this  very  serious  illness  and  to 
allow  better  study  of  its  pathogenesis. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Investigations  in  the  Orthopaedic  Research  Unit  have  focused  on  defining  the 
events  that  regulate  gene  expression  during  repair.   New  projects  include  the 
development  of  a  model  to  study  cartilage  repair  after  injury  or  in 
degenerative  and  traumatic  osteoarthritis,  and  investigations  of  the  role  of  • 
growth  factors  in  the  development  of  tendon  adhesions.   Studies  of  TGF-beta 
demonstrate  that  this  factor  is  an  important  regulator  of  cell  proliferation, 
differentiation  and  protein  synthesis  during  fracture  healing.   TGF-beta 
stimulates  changes  in  chondrocyte  development  and  gene  expression  associated 
with  chondrocyte  maturation  in  the  fracture  callus  in  vitro.   TGF-beta 
stimulated  mesenchymal  cell  proliferation  and  differentiation  into  both 
osteoblasts  and  chondrocytes  with  subsequent  synthesis  of  cartilage  and  bone 
matrix  respectively  in  vivo.   TGF-beta  1,  but  not  TGF-beta  2,  is  synthesized 
at  high  levels  in  both  human  and  rat  fracture  calluses.   TGF-beta  stimulates 
chondrocyte  differentiation  and  an  increase  in  chondrocyte-specif ic  gene 
expression  in  cultured  periosteal  cells.   Studies  of  cartilage  explant 
cultures  demonstrate  that,  in  the  absence  of  inflammatory  and  synovial 
influences,  serum  stimulates  cartilage  chondrocytes  to  proliferate,  synthesize 
new  matrix,  and  initiate  a  repair  response.   This  repair  response  is 
duplicated  by  the  administration  of  basis  FGF,  but  not  TGF-beta.   Antibodies 
to  TGF-beta,  and  PDGF  stained  the  tendon  and  tendon  sheath  after  laceration  in 
a  chicken  model.   Both  TGF-beta  and  aFGF  stimulated  a  biphasic  increase  in 
tenocyte  proliferation.   In  contrast,  PDGF  stimulated  a  3  to  5-fold  increase 
in  cell  proliferation.   TGF-beta  stimulated  a  6-fold  increase  in  matrix 
synthesis  by  proline  incorporation. 
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OBJECTIVES : 


To  conduct  basic  investigation  at  the  cellular  and  molecular  levels  into  the 
pathophysiology  of  bone  formation,  remodeling,  and  repair. 

METHODS  AND  MAJOR  FINDINGS: 

«The  role  of  Transforming  growth  factor-6  in  the regulation Ol fracture 

repair. 

TGF-6  1,  but  not  TGF-B2,  is  synthesized  at  high  levels  in  both  human  and  rat 
fracture  calluses.  Twenty-four  hours  after  fracture  there  was  a  125% 
increased  in  expression  of  TGF-B2  in  rats  that  returned  to  baseline  levels  by 
the  fourth  day  after  fracture.  Immunohistology  localized  TGF-B2  to  the 
hematoma  for  up  to  3  days  after  fracture.  TGF-B2  antibodies  stained  only 
osteoblasts  in  the  human  fracture  callus.  Consistent  with  the  hypothesis  that 
periosteum  is  a  source  of  undifferentiated  precursor  cells  for  chondrocytes  in 
the  fracture  callus,  TGF-Bl  stimulated  chondrocyte  differentiation  and  a  3- 
fold  increase  in  chondrocyte-specific  gene  expression  in  cultured  periosteal 
cells. 

•  A  model  for  studying  cartilage  repair  after  laceration. 

Studies  of  cartilage  explant  cultures  using  a  bovine  model  demonstrate  that 
serum,  in  the  absence  of  inflammatory  and  synovial  influences,  stimulates 
cartilage  chondrocytes  to  proliferate,  synthesize  new  matrix,  and  initiate  a 
repair  response.  Immunostaining  demonstrates  the  presence  on  cartilage- 
specific  collagen,  proteoglycan  and  chondrotin  sulfates  in  the  healing  region. 
In  situ  hybridization  demonstrates  the  presence  of  mRNA  for  cartilage-specific 
type  II  collagen,  but  no  mRNA  for  type  I  collagen,  in  cells  in  the  healing 
ares.  This  repair  response  is  duplicated  by  the  administration  of  basic  FGF, 
which  stimulates  both  cell  proliferation  and  matrix  synthesis,  but  not  TGF-B, 
which  inhibits  cell  proliferation. 

•  A  model  for  studying  adhesion  formation  following  flexor  tendon  innury. 
Antibodies  to  TGF-B,  aFGF,  and  PDGF  stained  the  tendon  and  tendon  sheath  after 
laceration  in  a  chicken  flexor  tendon  injury  model.  Both  TGF-6  and  aFGF 
stimulated  a  biphasic  increase  in  tenocyte  proliferation.  In  contrast,  PDGF- 
BB  stimulated  a  3  to  5-fold  increase  in  cell  proliferation.  TGF-B  stimulated 
a  6-fold  increase  in  matrix  synthesis  as  demonstrated  by  proline 
incorporation. 

•  Fracture  healing  in  osteoporosis. 

Studies  of  fracture  repair  in  ovarectomized  female  rate  have  demonstrated  a 
dose-dependent  increase  in  fracture  strength  after  estrogen  treatment.  Thirty 
days  of  treatment  with  estrogen  (50  ug/kg/day)  resulted  in  a  significant 
increase  in  tensile  strength  (30%),  stiffness  (50%)  and  ultimate  strength 
(35%)  compared  to  fractures  from  untreated  controls  (p<0.04).  Histological 
evaluation  suggested  that  the  difference  in  strength  was  due  to  increased 
endochondral  bone  formation. 

SIGNIFICANCE  TO  BIOMEDICAL  RESEARCH  AND  THE  PROGRAM  OF  THE  INSTITUTE: 

The  morbidity  and  mortality  associated  with  nonunion  of  fractures, 
especially  in  the  elderly  population,  are  significant.  Although  little  is 
known  about  the  pathophysiolosy  of  impaired  fracture  healing,  investigations 
at  the  cellular  and  molecular  levels  into  the  pathophysiology  of  bone  repair 
are  adding  to  our  understanding  of,  and  potentially  our  ability  to  treat, 
these  significant  problems. 
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Previous  studies  have  failed  to  demonstrate  a  healing  response  in  intact 
cartilage  matrix.  The  demonstration  of  cell  proliferation,  migration,  and 
matrix  synthesis  in  intact  cartilage  allows  further  studies  of  the  potential 
for  cartilage  to  repair  lesions  of  the  articular  surface. 

Recovery  of  function  after  a  Zone  II  flexor  tendon  injury  is  dependent  upon 
healing  of  the  tendon  and  the  prevention  of  adhesions.  Restrictive  adhesions 
may  form  as  a  result  of  excess  growth  factor  localized  to  the  epitenon. 
Localization  of  growth  factors  in  the  epitenon  and  an  increase  in  collagen 
synthesis  in  response  to  these  growth  factors  suggest  the  identification  of  a 
mechanism  for  adhesion  formation.  A  greater  understanding  of  this  mechanism 
may  allow  the  inhibition  of  adhesions  without  interfering  with  the  process  of 
tendon  repair. 

FUTURE  COURSE: 

Recombinant  DNA  techniques  have  continued  to  show  great  potential  in  our 
initial  investigations  of  normal  and  impaired  fracture  repair.  Additional 
studies  are  increasing  our  understanding  of  regulation  in  normal  and  impaired 
healing  conditions,  and  should  suggest  possible  treatment  options. 

The  laboratory  is  currently  developing  a  variation  of  the  polymerase 
chain  reaction  termed,  "competitive  PCR",  which  will  allow  us  to  improve  the 
quantitative  analysis  of  changes  in  mRNA  for  growth  factors  during  fracture 
repair.  Using  this  method  we  should  be  able  to  calculate  absolute  mRNA  levels 
for  these  proteins . 

FUTURE  COURSE: 

Recombinant  DNA  techniques  have  shown  great  promise  in  our  initial 
investigations  of  normal  and  impaired  fracture  repair.  Additional  studies  should 
increase  our  understanding  of  regulation  in  impaired  healing  conditions,  and 
suggest  possible  treatment   options . 

The  laboratory  is  currently  developing  a  variation  of  the  polymerase  chain 
reaction  termed,  "competitive  PCR",  which  will  allow  us  to  improve  the 
quantitative  analysis  of  changes  in  mRNA  for  estrogen  receptor  during  fracture 
healing.  Using  this  method  we  should  be  able  to  calculate  absolute  mRNA  levels 
for  estrogen  receptor  or  other  proteins  of   interest. 


ZOi  AR  41077-03   ARB 

81 
Bibliography 

1.  Jingushi,  S.,  Heydemann,  A.,  and  Bolander,  M.E.:   Acidic  FGF  injection  stimulat 
cartilage  enlargement  and  inhibits  cartilage  gene  expression  in  rat  fracture 
healing.   Journal  of  Orthopaedic  Research.  8:  364-371,  1990. 

2.  Nemeth,  G.G.,  Heydemann,  A.,  and  Bolander,  M.E. :  Isolation  and  analysis  of 
ribonucleic  acids  from  bone  and  mineralized  tissues .   Analytical  Biochemistry. 
183:  301-304,  1989 

3.  Joyce,  M.E.,  Nemeth,  G.G.,  Jingushi,  S.,  Heydemann,  A.,  Flanders,  K.C.,  Roberts 
A.B.,  Sporn,  M.B.,  and  Bolander,  M.E.:  Transforming  growth  factor-fll  is  express 
and  synthesized  during  fracture  healing.   In  Piez  and  Sporn  (Eds) :   Transformin 
Growth  Factor-fis:  Chemistry.  Biology,  and  Therapeutics.  New  York  Academy  of 
Sciences,  New  York,   593:  347-349,  1990. 

4.  Joyce,  M.E.,  Terek,  R.M.,  Jingushi,  S.  and  Bolander,  M.E,.:  Role  of  transformin 
growth  factor-B  in  fracture  healing.   In  Piez  and  Sporn  (Eds) :  Transforming  Gro 
Factor-Bs:  Chemistry^  Biology,  and  Therapeutics.  New  York  Academy  of  Sciences, 
York.   593:  107-123,  1990. 

5.  Joyce,  M.E.,  Jingushi,  S.,  Roberts,  A.B.,  Sporn,  M.B.,  and  Bolander,  M.E.: 
Transforming  growth  factor-B  initiates  cartilage  and  bone  formation  in  vivo.  In 
Cohen,  Glorieux,  and  Martin  (Eds) :   Proceedings  of  the  First  Joint  ASBMR/ICCRH 
Congress,,  Elsevier  Science,  Amsterdam.   (In  press)  1990. 

6.  Jingushi,  S.,  Joyce,  M.E.,  Flanders,  K.C.,  Hjelmanland,  L.,  Roberts,  A.B.,  Spor 
M.B.,  Muniz,  O.,  Howell,  D.,  Dean,  D.,  and  Bolander,  M.E.:  Distribution  of  aci 
fibroblast  growth  factor,  basic  fibroblast  growth  factor  and  transforming  growt 
factor-B  in  rat  growth  plate.  In  Cohen,  Glorieux,  and  Martin  (Eds) :  Proceedin 
of  the  First  Joint  ASBMR/ICCRH  Congress.  Elsevier  Science,  Amsterdam.  (In  pres 
1990. 

7.  Bolander,  M.E.,  Joyce,  M.E.,  Boden,S.D.,  Oliver,  B.,  and  Heyedmann,  A.:  Estrog 
receptor  mRNA  expression  during  fracture  healing  in  the  rat  detected  by  polymer 
chain  reaction  amplification.  In  Cohen,  Glorieux,  and  Martin  (Eds) :  Proceedin 
of  the  First  Joint  ASBMR/ICCRH  Congress.  Elsevier  Science,  Amsterdam.  '  (In  pres 
1990. 

8.  Bolander,  M.E.,  Gardiner,  J.,  Himel,  H.H.,  Coyle,  J.,  Joyce,  M.,  Thornton,  B.C. 
and  Ruttimann,  U. :  Detection  and  measurement  of  simulated  early  rheumatoid  lesi 
of  the  hand  using  digital  subtraction  radiography.  Investigative  Radiography^ 

press)  1990. 

9.  Joyce,  M.E.,  Jingushi,  S.,  and  Bolander,  M.E. :  Transforming  growth  factor-B  in 
regulation  of  fracture  repair.   In  Lane  (Ed) :  Pathologic  Fractures  in  Metabolic 
Bone  Disease^  Orthopaedic  Clinics  of  North  America.  21:  199-209,  1990. 

10.  Joyce,  M.E.,  Jingushi,  S.,  and  Bolander,  M.E. :  Role  of  growth  factors  in  fractu 
healing.   In  Barbule,  Pines,  Caldwell  and  Hunt  (Eds) :   Clinical  and  Experimenta 
Approaches  to  Dermal  and  Epidermal  Repair:  Normal  and  Chronic  Wounds.  Allen  R. 
Liss,  N.Y.   (In  press),  1990. 


ZOl  AR  41077-03  ARB 
82 

11.  Joyce,  M.E.,  Roberts,  A.B.,  Sporn,  M.B.,  and  Bolander,  M.E. :  Transforming  grow 
factor-fl  and  the  initiation  of  chondrogenesis  and  osteogenesis  in  the  rat  femur 
The  Journal  of  Cell  Biology,   110:  2195-2207,  1990. 

13.  Joyce,  M.E.,  and  Bolander,  M.E.:  Role  of  growth  factors  in  fracture  healing: 
iit^lications  for  bone  grafting.   In  Reddi  and  Habal  (Eds)  :   Bone  Grafts  from  Ba 
Science  to  Clinical  Applications ^  W.  B.  Saunders,  Philadelphia,  PA.   (In  press) 
1990. 

14.  Scully,  S.P.,  Joyce,  M.E.,  Abidi,N.,  and  Bolander,  M.E.:   The  use  of  polymerase 
chain  reaction  generated  nucleotide  sequences  as  probes  for  hybridization. 
Molecular  and  Cellular  Probes ^   (In  press),  1990. 

15.  Roberts,  A.B.,  Joyce,  M.E.,  Bolander,  M.E.,  and  Sporn,  M.B.:   Transforming  grow 
factor-beta  (TGF-B) :  a  multifunctional  effector  of  both  soft  and  hard  tissue 
regeneration.   In:  Nordisk  Insulin  Symposium  No.4.   "Growth  Factors  in  Health  a 

Disease:  Basic  and  Clinical  Aspects",  Elsevier,  Amsterdam,  1990. 


. 83 — ___ 

OFPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBUC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AR  41079-02  ARE 


PERIOD  COVERED 


TITLE 


October  1,  1989  to  September  30,  1990 


OF  PROJECT  (SO  characters  or  less.  Title  must  fit  on  one  line  t>etween  the  borders.) 

Wnlp  nf  fhp  Tpnfral  Nprvniis  Systpm   in  Siisrppfihility  to  Arthritis 

PRINCIPAL  INVESTIGATOR  (Usi  other  pro/essional  personnel  below  the  Principal  Investigator.)  (Name,  title,  lattoratory.  end  institute  atliliation) 
P.L  -     Esther  M.  Stonberg,  Visiting  Scientist,  ARB.  NIAMS;  Guest  Rese«x*er.  CNB.  NIMH 
Ronald  L.  Wilder,  Senior  Investigitor,  ARB.  NIAMS 
Philip  W.  Gold,  Chief,  CNE,  DKP,  NIMH 
George  P.  Cfarousos,  Senior  Investigator,  DEB,  NICHD 
Aldo  Calogenx,  Guest  Researcher,  CNE,  DKP,  NIMH 
Harvey  Whitfield,  Medical  Officer  (Research),  CNE,  DIRP.  NIMH 
John  Glowa,  Research  Psychologist,  CNE,  DIRP,  NIMH 
Mark  Smith.  Medical  OfGcer  (Research).  CNE,  DIRP.  NIMH 
Sofia  Akienlijewicfa,  IRTA  Fellow.  NIAMS;  Guest  Researcher,  CNB.  NIMH 
Piotr  ZelazowsU.  Visiting  Fellow,  NIAMS;  Guest  Researcher,  CNB,  NIMH 
Leslie  CrofTotd.  Medical  Staff  Fellow.  ARB,  NIAMS 
Qaig  Smith,  Chemist,  CNB,  NIMH  and  Rachel  Caspi.  Senior  Investigalof,  NEI 

COOPERATING  UNITS  (H  any) 


CNE;  DIRP;  NIMH;  DEB;  NICHD;  LCB;  NIMH;  NEI 


LAE/BRANCH 


ARB,  NIAMS/CNB,  NIMH 


SECTION 


Inter-Institute  Unit  on  NeuroEndocrine  Immunology  and  Behavior 


INSTITUTE  AND  LOCATION 


NIAMS  and  NIMH 


TOTAL  MAN-YEARS: 
2.20 


PROFESSIONAL: 


OTHER: 


,20 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
)      D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues  D  (c)  Neither 


SUMMARY  OF  WORK  (Us«  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

T.  An  animal  model  for  suscentibilitv  to  inflammatory  disease  and  abnormal 
hehavioral  responses  to  stress,  related  to  a  defect  in  regulation  of 
hvpothalamic-nitnitarv-adrenal  responses  to  inflammatory  and  StrgSS 
mediators. 

Summary.  Project  Descrintion.  and  Directions  of  Research: 

A  negative  feedback  loop  exists  between  the  immune  and  central  nervous  systems,  in 
which  immune/pro-inflammatory  mediators  signal  the  hypothalamic  corticotropin  releasing 
hormone  (CRH)  neuron  to  promote  pituitary-adrenal  activation  and,  hence,  gluc(>cortioicd 
mediated  restraint  of  the  immune  response.  We  have  previously  found  that  increased 
susceptibility  to  streptococcal  ceU  wall  (SCW)-induced  arthritis  in  the  Lewis  (LEW/N)  rat  is 
related  to  a  defect  in  the  central  component  of  this  negative  feedback  loop,  resulting  in  deficient 
CKH.  responses  to  challenge  with  a  variety  of  inflammatory  mediators,  including  streptococcal 
cell  wall  peptidoglycan  polysaccharide  (SCW),  interleukin-1  alpha  (IL-1  alpha)  ,  or  the 
serotonin  agonist  quipazine.  The  relative  arthritis  resistance  of  F344/N  rats  compared  to 
LEW/N  rats  is  related  to  their  intact  HPA  axis  responses  to  these  same  inflammatory  mediators. 
Physiologic  replacement  doses  of  corticosteroids  (dexamethasone)  in  LEW/N  rats  significantly 
suppressed  the  severity  of  the  arthritis  in  this  arthritis  susceptible  strain,  while  interruption  of 
the  axis  in  F344/N  rats  with  the  corticosteroid  receptor  antagonist  RU486  was  associated  with 
development  of  severe  systemic  inflammation  and  arthritis  in  response  to  SCW  in  this 
otherwise  inflammatory  disease  resistant  strain.  Interruption  of  the  F344/N  HPA  axis  at  the 
level  of  serotonin  stimulation,  with  the  serotonin  antagonist  LY53857,  was  also  associated 
widi  development  of  arthritis.  Thus,  whether  present  on  a  genetic  basis,  as  in  LEW/N  rats,  or 
on  a  pharmacologic  basis,  as  in  RU486  treated  F344/N  rats,  we  have  shown  that  interruptions 
of  the  HPA  axis  are  associated  with  susceptibility  to  inflammatory  disease.  The  deficient 
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ACTH  and  corticosterone  responses  in  LEW/N  rats  are  secondary  to  a  profound  defect  in 
regulation  of  CRH  biosynthesis  and  secretion  rather  than  to  a  defect  in  the  CRH  gene. 

Over  the  past  year  our  woric  has  focussed  on: 

(1)  defining  the  biochemical,  functional,  neuroanatomical  and  molecular  extent  of  the 
defect  in  LEW/N  rats  which  renders  them  susceptible  to  inflammatory  disease; 

(2)  defining  the  range  of  stimuli  to  which  LEW/N  rats  express  defective  HPA  axis 
responses  (including  behavioral  stresses). 

(3)  defining  the  genetic  mode  of  transmission  of  the  phenotypes  of  arthritis 
susceptibility  and  Iff  A  axis  function  in  LEW/N  x  F344/N  Fl  and  F2  offspring,  in  conjunction 
with  probing  LEW/N  and  F344/N  parent  rats  for  RFLFs  of  candidate  genes. 

(4)  defining  the  ontogeny  of  CRH  expression  and  responses  and  regulation  in  LEW/N 
and  F344/N  rats. 


Studies  in  progress  and  new  findings: 

(1)  Biochemical,  neuroendocrine   and   neuroanatomical extent  of  the  central 

nervous  system  defect  associated  with  susceptibility  to  arthritis  and 
inflammatory  disease  in  the  LEW/N  rat.  Since  our  previous  studies  have  indicated  a 
defect  in  regulation  of  CRH  biosynthesis  and  secretion,  studies  currently  under  way  focus  on 
evaluation  of  CRH  regulatory  mechanisms: 

•LEW/N  rats,  compared  to  F344/N,  rats  exhibit 

•profound  defects  in  hypothalamic  CRH  secretion  in  response  to  the 
neurotransmitters  NE,  ACh,  5-HT  and  quipazine  (5-HT  agonist), 
•corresponding  profound  blunting  of  plasma  ACTH  and  corticosterone  in  response 
to  Lp.  arecholine  (muscarinic  ACh  agonist). 

•Alpha  adrenergic,  serotonergic  and  muscarinic  cholinergic  binding  affinity  and  receptor 
numbers  (Kd  and  Bmax)  are  identical  in  LEW/N  rats  and  F344/N  rats. 

These  studies  indicate  a  broad  defect  in  CRH  responses  to  a  variety  of  neurotransmitters,  and 
suggest  that  the  defect  in  CRH  regulation  is  at  the  level  of  a  common  regulatory  pathway  for  all 
these  stimuli.  This  could  include  second  messenger  systems  such  as  cAMP  or  components  in 
the  cAMP  pathway,  or  glucocorticoid-receptor  related  mechanisms. 

(2)  Functional  and  receptor  binding  studies  of  glucocorticoid  feedback  in 
LEW/N  and  F344/N  rats: 

Compared  to  F344/N  rats,  LEW/N  rats  exhibit: 

•  decreased  basal  secretion  of  ACTH  from  pituitary  cells  and  pituitary  explants  in 

culture. 

•lower  absolute  ACTH  secretion  from  pituitary  cells  and  pituitary  explants  in 

culturcin  response  to  CRH  stimulation,  but  no  difference  in  percent  ACTH 

secretion  when  corrected  for  lower  baseline. 

•greater  sensitivity  to  corticosterone  suppression  of  ACTH  secretion  by  pituitary 

cells  in  culture. 

•significandy  fewer  Type  1  and  somewhat  fewer  Type  2  glucocorticoid  receptors 
tiian  F344/N  rats. 

•significandy  higher  affinity  Type  1  glucocorticoid  receptors  (mineralocorticoid,  MR) 
than  F344/Nrats. 
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Taken  together,  these  data  indicate  that  LEW/N  rats  may  express  a  high  affinity  Type  1 
glucocorticoid  receptor  which  could  act  to  inappropriately  excessively  negatively  regulate 
CRH-  Although  at  this  time  it  is  not  clear  whether  this  difference  in  GR  and  MR  binding  and 
function  is  primary  or  secondary  in  LEW/N  rats,  it  could  account  for  the  differences  in 
susceptibility  to  inflammatory  disease  and  the  differences  in  responses  to  behavioral  responses 
to  stresses  in  the  two  strains. 

(3)  Behavioral  characteristics  of  SCW-arthritis  susceptible  T.EW/N  rats  and 
SCW-arthritis  resistant  F344/N  rats: 

We  have  found  behavioral  differences  as  well  as  differences  in  neuroendocrine  responses  to 
behavioral  stressors  in  LEW/N  and  F344/N  rats,  consistent  with  their  relative  hypo-  and  hyper- 
CRH  responsiveness: 

•LEW/N  rats  exposed  to  a  variety  of  behavioral  stresses,  including  swim  stress,  restraint  or 
ether  stress  exhibit  profoundly  blunted  plasma  ACTH  and  corticosterone  responses  to  these 
stresses  compared  to  F344/Nrats 

•In  open  field  studies  LEW/N  and  F344/N  rats  show  differences  in  behavior  consistent  with 
their  relative  deficient  or  increased  CRH  responses  to  the  new  environment  of  the  open  field. 

•Behavioral  assessment  of  LEW/N  and  F344/N  rats  after  intra-cerebroventricular  (i.c.v.) 
administration  of  CRH  indicate  that  LEW/N  rats  are  more  sensitive  to  the  behavioral  effects  of 
low  dose  CRH  than  are  F344/N  rats.  This  is  consistent  with  chronic  under-secretion  of  CRH 
in  LEW/N  rats.  These  studies  are  currcndy  under  way  in  collaboration  with  Dr.  John  Glowa 
(NIMH). 

(4)  Ontogeny  of  HPA  axis  responses  and  CRH.  GR  and  MR  gene  expression 
expression  in  LEW/N  and  F344/N  rats. 

In  functional,  stimulation  studies  in  LEW/N  and  F344/N  rats  at  days  3, 7  and  14  post-natal,  we 
have  found  that: 

•  in  LEW/N  rats,  plasma  corticosterone,  hypothalamic  paraventricular  nucleus  CRH  and 
hippocampal  MR  mRNA  expression  levels  remain  at  "stress  un-responsive  period"  levels, 
while  these  measures  of  HPA  axis  responsiveness  increase  to  their  adult  levels  in  HSD  and 
F344/N  rats  by  post-natal  day  14. 

This  data  indicates  that  the  CRH  regulatory  defect  in  LEW/N  rats  is  present  early  in  life,  may 
reflect  a  developmental  defect  involving  factors  important  in  governing  the  development  of  and 
evolution  out  of  the  normal  post-natal  "stress  un-responsive  period". 

SIGNTFTCANCE  TO  BTOMEDICAL  RESEARCH  AND  TO  THE  PROGRAM  OF 
THE  INSTTTIJTE: 

SIGNTFTCANCE  TO  BTOMEDICAL  RESEARCH:  Taken  together,  our  data  provide 
compelling  evidence  for  a  general  principle  underlying  susceptibility  to  inflammatory  and 
autoimmune  disease:  that  die  defective  HPA  axis  response  to  inflammatory  and  immune 
mediators  is  a  critical  element  in  susceptibility  to  inflammatory/autoimmune  disease.  Thus  the 
appropriate  immune  response  genes  allow  the  organism  to  recognize  and  react  to  antigenic  or 
pro-inflammatory  triggers  with  an  appropriate  immuneAnflammatory  response,  while  an  intact 
HPA  axis  modulates  the  intensity  of  that  immune/inflammatory  response.  The  corresponding 
defective  behaviord  and  HPA  axis  responses  to  behavioral  stressors  of  LEW/N  rats  suggest 
that  both  susceptibility  to  inflammatory  disease  and  non-adaptive  behavioral  responses  to  stress 
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may  be  related  to  the  same  underlying  neuroendocrine  defect.  The  ontogeny  studies  we  have 
performed  provide  the  basis  for  suggesting  that  these  non-adaptive  responses  may  occur  very 
early  in  development  in  affected  strains. 

The  studies  outlined  here  are  designed  to  determine  the  molecular  mechanism  of  the 
HPA  axis  defect  which  leads  to  susceptibility  to  arthritis  and  defective  behavioral  responses  to 
stress  in  LEW/N  rats.  If  the  principle  also  applies  to  susceptibility  to  autoimmuneAnflammatoiy 
and  behavioral  disorders  in  humans,  it  will  provide  new  avenues  for  identifying  individuals  at 
risk  for  development  of  inflammatory  disease  as  well  as  potential  new  therapeutic  approaches 
to  autoimmune/inflammatory  and  associated  affective  disorders.  This  model  also  makes 
feasible  identification  of  the  molecular  and  genetic  defect(s)  in  the  central  nervous  system 
which  are  associated  with  susceptibility  to  autoimmune/inflammatory  diseases.  For  the  first 
time  it  provides  a  controllable  experimental  system  to  examine  the  interactions  between  the 
immune  and  the  central  nervous  systems  at  a  molecular  level  and  to  elucidate  at  a  molecular 
level  the  relationship  between  behavior  and  susceptibility  to  inflammatory  disease. 

SIGNTFTCANCE  TO  THE  PROGRAM  OF  THE  TNSTITUTE:  The  work  outUned 
here  accomplishes  the  fundamental  goals  of  the  NIMH,  in  that  it  addresses  one  of  the  most 
basic  problems  in  the  field  of  mental  health  research:  the  elucidation  of  the  relationship  of  stress 
and  the  stress  response  to  susceptibility  to  medical  diseases  such  as  inmiuneAnflammatory 
diseases.  The  Inter-Institute  Unit  between  NIMH  and  NIAMS  which  has  been  developed  as  a 
result  of  this  work,  is  ideally  suited  to  accomplish  these  goals,  through  the  collaborative 
efforts  of  scientists  from  a  broad  range  of  disciplines.  It  provides  the  basis  for  the  formal 
establishment  of  links  between  the  NIAMS  and  other  Institutes  whose  mandates  involve 
elucidation  of  susceptibility  to  diseases  covered  by  this  paradigm.  The  ontogeny  work,  if 
applicable  to  humans,  suggests  that  susceptibility  to  autoimmuneAmflammatory  diseases  and 
associated  affective  disorders  may  have  an  early  developmental  component,  and  thus  these 
disorders  should  be  addressed  in  childhood. 
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7.  E.M.  Sternberg,  R.L.  Wilder,  P.W.  Gold,  G.P.  Chrousos.  A  Defect  in  the 
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Diseases.  Annals  of  the  N.Y.  Acad.  Sci.:  Symposium  on  Neuropeptides  and 
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Panerai.  594,  289-292,  1990. 
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Rheumatoid  Arthritis  and  Related  Conditions.  Current  Opinion  in  Rheumatology,  in 
press,  2(3)1990. 

9.  E.M.  Sternberg,  J.  Glowa,  M.  Smith,  A.E.  Calogero,  S.J.  Listwak,  S. 
Aksentijevich,  G.  P.  Chrousos,  R.  L.  Wilder  and  P.W.  Gold.  Susceptibility  to 
Inflammatory  Arthritis  and  Abnormal  Behavioral  Responses  to  Stress  in  Rats  are 
Linked  to  a  Common  Defect  in  CRH  Neuronal  Responsiveness,  submitted,  1989. 

10.  A.E.  Calogero,  E.M.  Sternberg,  C.  Smith,  R.  Bemardini,  S.  Aksentijevich, 
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13.  S.  Aksentijevich,  H.  Whitfield,  R.  Omalnjiuk,  R.L.  Wilder,  P.W.  Gold  and 
E.M.  Sternberg.  Ontogeny  of  the  Stress  Repsonse  in  Lewis  Rats,  in 
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2.    L-Trvptophan  related  Eosinophilia  Mvalgia  Syndrome: 

We  have  observed  a  syndrome  in  9  patients  taking  L-tryptophan  (L-TRP)  (1),  identical 
to  the  one  described  by  one  of  us  (Dr.  Esther  Sternberg,  2)  in  1980  in  a  patient  taking  L-5- 
hydroxytryptophan  (L-5HTP)  and  carbidopa,  and  closely  resembling  the  tryptophan  related 
eosinophil  myalgia  syndrome  reported  now  in  epidemic  form  in  over  1500  patients  across  the 
United  States.  Tliis  syndrome  tends  to  occur  in  patients  who  use  tryptophan  to  correct  sleep 
disturbances  in  the  context  of  depressive  disorder.  The  patients  present  with  fever, 
eosinophilia,  myalgias,  myositis,  scleroderma-like  skin  fibrosis  and  fasciitis.  The  precise 
environmental  trigger  in  the  eosinophilia-myalgia  syndrome  (EMS)  is  not  known,  although 
epidemiological  data  suggest  that  a  contaminant  of  the  L-TRP  preparation  may  be  implicated  in 
the  etiology  of  the  syndrome. 
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(1)  In  our  first  study  in  humans,  published  in  the  New  England  Journal  of 
Medicine,  in  collaboration  with  Dr.  Melvyn  Heyes  (NIMH)  we  found: 

•elevation  of  plasma  kynurenine  and  plasma  quinolinic  acid,  and  noraial  tryptophan 
kinetics  after  tryptophan  loading  in  patients  compared  to  controls; 

•this  biochemical  data  suggests  a  pattern  of  tryptophan  metabolites  consistent  with 
activation  of  the  enzyme  indoleamine  2,3-dioxygenase  (IDO) 

•  Since  IDO  can  be  activated  by  inflammatory  agents,  these  findings  arc  consistent 
with  initiation  of  the  syndrome  by  an  inflammatory  trigger. 

•  6  of  the  9  patients  we  studied  were  also  receiving  drugs  which  we  have  shown 
suppress  the  hypothalamic-pituitaiy-adrenal  (HPA)  axis  (6,  and  section  ???),  or  had 
intrinsic  suppression  of  the  HPA  axis. 

•  In  light  of  these  observations  and  the  association  we  have  recendy  described  between  HPA 
axis  hypo-responsiveness  and  susceptibility  to  inflammatory  disease  in  an  animal  model  (7,8), 
it  is  conceivable  that  patients  with  L-TRP  EMS  developed  the  syndrome  because  of  a 
confluence  of  factors: 

•exposure  to  an  environmental  inflammatory  trigger  (which  could  be  the 

contaminant(s)  in  the  L-TRP  preparation) 

•together  with  simultaneous  intrinsic  or  pharmacologic  suppression  of  the  HPA  axis 

by  drugs  such  as  benzodiazepines. 

•die  well  known  effects  of  tryptophan  and  its  metabolites  on  fibroblast  proliferation, 

vascular  permeability,  vasospasm  and  neurotoxicity,  could  also  contribute  to  the 

pathogenesis  of  the  syndrome. 

(2)  In  our  second  study,  in  Lewis  (LEW/N)  rats  we  have  found  that  case- 
associated  L-TRP,  but  not  pure  non-case  associated  L-TRP  or  vehicle  control, 
(preparations  provided  to  us  blind  by  the  CDC  and  FDA),was  associated  with: 

•development  of  many  of  the  specific  pathologic  changes  in  muscle  and  fascia 
characteristic  of  EMS,  in  the  absence  of  development  of  eosinophilia. 
•suppression  of  plasma  corticosterone. 
•no  difference  in  L-TRP  metabolism  between  groups. 

This  is  the  fist  clear-cut  evidence  that  contaminated  L-TRP  triggers  the  syndrome.  This  animal 
model  now  provides  the  means  to: 

•identify  the  role  of  specific  purified  contaminants  in  triggering  the  syndrome. 

•identify  host  factors  pre-disposing  certain  individuals  to  develop  the  syndrome. 

•identify  the  role  of  the  HPA  axis  in  susceptibility  to  the  syndrome. 

•define  the  role  of  eosinophils  in  amplifying  the  syndrome. 

•evaluate  new  approaches  to  treatment  of  the  syndrome. 

SIGNIFICANCE  TO  BIOMEDICAL  RESEARCH  AND  TO  THE  PROGRAM  OF 
THE  INSTITUTE: 

SICtNIFICANCE  to  Bir)MEDICAL  RESEARCH:  This  work  takes  full  circle  my 
initial  observation  and  description  of  the  syndrome  published  in  the  New  England  Journal  of 
Medicine  in  1980,  which  is  recognized  by  the  scientific  community  to  be  the  first  description  of 
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this  syndrome  in  the  scientific  literature.  The  cuirent  series  of  studies  define  the  full  clinical 
spectrum  of  the  EMS  syndrome;  define  L-TRP  biochemistry  in  the  syndrome  and  show  that  the 
difference  in  L-TRP  metabolism  in  EMS  patients  is  secondary  to  inflammation  or  to  an 
inflammatory  stimulus  rather  than  to  an  inborn  error  of  metabolism;  it  suggests  that  an 
important  host  factor  in  susceptibility  to  the  syndrome  is  a  suppressed  HPA  axis;  it  establishes 
the  role  of  contaminant(s)  as  the  etiological  trigger  in  the  syndrome;  it  establishes  an  animal 
model  in  which  to  further  delineate  the  complex  cellular  and  biochemical  mechanisms  active  in 
the  pathogenesis  of  the  syndrome;  it  establishes  an  animal  model  which  further  supports  the 
role  of  the  importance  of  HPA  axis  suppression  in  development  of  the  syndrome;  it  provides  an 
animal  model  in  which  specific  contaminants  can  be  tested  and  chemical  structures  capable  of 
inducing  this  and  similar  syndromes  can  be  defined;  it  provides  an  animal  model  which  can  be 
used  for  testing  new  approaches  to  therapy  of  the  syndrome. 

STGNTFTCANCE  TO  THE  PROGRAM  OF  THE  TNSTTTTTTE:  The  recent  epidemic 
of  EMS  has  been  deemed  by  the  FDA  and  CDC  as  a  national  health  crisis,  not  only  because  of 
the  numbers  of  patients  affected  (now  estimated  between  5,000  and  10,000),  and  the  numbers 
of  deaths  (26),  but  also  because  of  the  impact  of  this  occurrence  on  the  use  of  recombinant 
technology  in  pharmaceutical  production  in  general,  since  production  of  L-TRP  and  possibly  of 
the  contaminant(s),  involved  recombinant  technology.  We  have,  in  a  period  of  9  months 
progressed  from  public  recognition  of  the  syndrome,  in  November  1989,  to  resolution  of  many 
of  Ae  etiologic  and  pathogenetic  factors  in  EMS  and  establishment  of  an  animal  model  for  EMS 
by  July  1990.  This  was  accomplished  by  a  rapid  and  concerted  joint  collaborative  effort 
involving  the  NIMH,  NIH,  FDA  and  CDC.  As  a  result,  the  Institute  has  gained  wordwide 
recognition  for  rapidly  resolving  a  major  health  crisis,  and  for  rapidly  providing  an  animal 
model  which  can  now  be  used  to  further  elucidate  patfiogenetic  mechanisms  and  treatment 
modalities  in  this  and  related  syndromes.  Since  this  syndrome  is  a  model  for  idiopathic 
inflammatory  fibrosing  syndromes,  particularly  eosinophilic  fasciitis  and  scleroderma-like 
syndromes,  this  work  represents  a  major  contribution  to  elucidation  of  the  pathogenesis  of 
these  syndromes,  and  as  such  accomplishes  a  major  mandate  of  NIAMS. 
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Project  Description 

Objectives; 

To  assess  the  extent  of  muscle  inflammation  in  patients  with  inflammatory 
muscle  disease. 

Methods: 

STIR  (inversion  recovery)  images  were  performed  on  the  thighs  of  patients 
with  myositis.   Biopsies,  clinical  charts,  laboratory  tests  and  MRI 
results  were  scored  and  compared  by  standard  statistical  methods. 
Magnetic  respnance  spectroscopy  was  performed  on  the  thighs  of  patients 
with  a  variety  of  muscle  diseases. 

Major  Findings: 

In  a  group  of  38  patients  studied  so  far,  MRI  scores  correlated  well  the 
clinical  disease  activity.   They  were  positive  in  80%  of  patients  thought 
to  be  clinically  active,  compared  to  61%  of  positive  biopsies.   Thus, 
some  patients  had  positive  MRI  with  negative  biopsy  done  at  about  the 
same  time.   Furthermore,  the  extent  of  inflammation  and  atrophy  over  the 
entire  thigh  could  be  observed.   Over  50  normal  volvinteers  and  patients 
with  a  variety  of  muscle  diseases  have  been  studied  by  magnetic  resonance 
spectroscopy.   In  two  diseases  -  inclusion  body  myositis  and 
eosinophilia-myalgia  syndrome  -  major  metabolic  abnormalities  are  found 
by  alternation  of  the  inorganic  phosphate  to  creatine  phosphate  ratios. 

No  abnormalities  of  STIR  or  MRS  have  been  found  in  patients  treated  with 
corticosteroids  for  other  conditions. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

A  method  which  can  assess  the  extent  of  inflammation  in  myositis  without 
involving  a  surgical  procedure  and  which  can  be  repeated  would  greatly  assist 
planning  therapy  in  inflammatory  muscle  disease. 

Future  Course; 

We  will  continue  to  gather  data  on  myositis  patients  and  patients  with 
other  diseases. 
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Project  Descaription 

Cfciectives 

The  overall  objective  of  these  studies  is  to  find  the  gene  vAiich  causes  the 
human  i±iajmatic  disease  Familial  Mediterranean  Fever.  Because  there  are  no 
biochemical  clues  to  the  genetic  basis  of  this  disease,  we  are  taking  a  "reverse 
genetic"  ^proach  to  identifying  the  gene.  Such  a  strategy  has  been  vised 
successfully  to  identify  the  genes  for  several  human  diseases,  inclijding  cystic 
fibrosis  and  neurofibrcmatosis.  The  ^jproach  involves  the  identification  of  a 
gene  based  en  its  locaticxi  within  the  human  gencme.  Location  is  determined  by 
genetic  linkage  studies  within  families  of  affected  individuals. 

The  first  objective  of  this  project  was  therefore  to  identic  a  large  panel 
of  IMF  families,  and  to  obtain  ENA  sanples  frcm  individuals  in  such  families. 
The  second  objective  is  to  establish  the  chrcmosomal  location  of  the  FMF  gene 
throu^  linkage  analysis.  The  third  objective  is  to  establish  a  hi^  resolution 
genetic  map  (i.e.  1  cM)  and  an  even  hi^ier  resoluticxi  physical  m^  (i.e.  100  Wd) 
for  the  relevant  area  of  the  gencroe.  Such  a  ms^  will  allow  substantial  narrowing 
of  the  area  of  interest.  The  final  objective  is  to  screen  candidate  genes  within 
the  genetic  area  of  interest  for  structural  or  functional  alterations  in  IMF 
patients. 

Methods  Employed 

IMF  patients  have  been  identified  at  the  Clinical  Center  of  the  NaticaTal 
Institutes  of  Health,  and  at  the  Sh^aa  Medical  Center  in  Tel  Aviv,  Israel. 
PferiFheral  blood  lynjjhooytes  were  isolated  from  venous  blood  samples  from  these 
patients  and  selected  family  meitbers.  Cell  lines  for  347  individuals  were 
established  xasing  E^stein-Barr  virus  transformation.  Genomic  CNA  has  been 
isolated  from  about  one  half  of  the  cell  lines  by  standard  methods.  All  cell 
lines  have  also  been  stored  in  liquid  mitrogen  for  future  use. 

Linkage  studies  have  been  performed  by  probing  Southern  blots  of  IMF  family 
ENA  with  a  panel  of  hi^ily  polymorphic  ENA  markers  spanning  the  human  gencme. 
Over  200  such  probes  have  been  collected  in  our  laboratory.  Data  analysis  has 
been  acconplished  with  the  LINKAGE  package  of  programs  on  a  VAX  ccstputer 
maintained  by  the  National  Cancer  Institute  in  Frederick,  Maryland. 

Hi^  resolution  genetic  mapping  of  the  chrcrooscmal  region  of  interest  will 
be  performed  vising  ENA  probes  from  a  chrcmoscme-^)ecif ic  library  and  a  panel  of 
hi^ily  informative  Mormon  families  from  Utah  (provided  by  Centre  d^Etude  du 
PolynorT:ArLsme  Humain) .  Physical  maps  for  the  region  will  be  constructed  by  the 
method  of  "chrarooscme  jvmping"  and  pulsed  field  gel  electrcphoresis. 

Candidate  genes  in  the  region  of  interest  will  be  studied  by  Southern 
hybridization  to  detect  large  scale  insertion  or  deletion  events.  Standard 
sequencing  methods  will  be  used  to  stucfy  more  limited  structural  polymorE^iisms. 
Northern  h;^ridization  will  be  used  to  detect  differential  tissue  -  or 
individual-specific  esqaression  of  candidate  genes. 
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Major  Findings 

Die  major  acoatpli^nnents  of  this  project  to  date  are: 

1)  establishment  of  a  large  pai>el  of  cell  lines  from  IMF  families; 

2)  definite  e^cclusion  of  ^prGodmately  10%  of  the  hunan  gencroe  as 
a  potential  site  for  the  FMF  locus; 

3)  identification  of  a  CNA  marker  possibly  linked  to  the  FMF  locus. 

Significance  to  Bicmedical  Research  and  Program  of  the  Institute 

Identification  of  the  gene  for  FMF  will  provide  insight  into  the  genetic  and 
biochemical  mechanisms  of  rheumatic  disease.  Ihis  may  also  clL1o«i7  for  the  nore 
rational  design  of  pharmacologic  agents  for  this  and  other  rheumatic  diseases. 
Successful  characterization  of  this  single-gene  disorder  vdJLl  also  establish 
technologies  vMch  can  be  applied  in  the  Institute  to  rhaimatic  diseases  vath  a 
more  ocnplex  pattern  of  inheritance,  such  as  systemic  lupos  and  rheumatoid 
arthritis. 

Proposed  Oourse 

Diring  the  next  several  months  we  will  determine  vAiether  the  marker  we  have 
identified  as  possibly  linked  to  the  FMF  gene  is  in  fact  lirfced.  Ihis  will  be 
acocmplished  by  stucfying  other  markers  in  the  same  chrcaaDscroal  area  as  the 
original  marker,  and  by  extending  our  studies  to  additional  families  frcan  our 
panel.  If  we  are  able  to  prove  linkage  (I£©  >  3.0) ,  we  will  proceed  to  the  fine 
mapping  phase  of  the  project.  Otherwise,  we  will  continue  to  scan  the  gencanne 
imtil  a  linked  marker  is  identified. 


< 
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ANNUAL  REPORT 

LABORATORY  OF  SKIN  BIOLOGY 

NATIONAL  INSTITUTE  OF  ARTHRITIS  AND  MUSCULOSKELETAL 

AND  SKIN  DISEASES 

JANUARY  1  1990  THROUGH  SEPTEMBER  30,  1990 


The  Laboratory   of  Skin   Biology   was   newly   formulated   during  the  course  of  fiscal 
year    1990    from   a   research    group   formerly    located   within   the   Dermatology   Branch, 
DCBDC,  NCI.     The  Laboratory  of  Skin  Biology  conducts  basic  research  on  the 
structure,    function    and    gene    expression    of   several    of   the    major   differentiation 
products    of   normal    human    epidermis,    using    biophysical,       electron    microscopic, 
biochemical,   molecular   biological    and    genetic    approaches.      A   major   emphasis    of 
this   work   is   directed   toward   an   understanding   the   possible   role(s)    of  these   proteins 
in   keratinizing    disorders    of   the    epidermis. 


Keratin  Intermediate  Filaments 

Objectives 

Terminally    differentiating    mammalian    epidermal    cells    express    large    amounts    of 
two   intermediate   filament   (IF)   chains,   keratins    1    and    10,   which   are   members   of  the 
class   of  IF  proteins   expressed   in   the   cytoskeletons   of  virtually   all   eukaryote   cells. 
These  keratins,  like  all  IF  chains,  have  a -helical    rod    domains   of  precisely 
conserved    secondary    structures,    but    they    have    unusual    end    domains    enriched    in 
glycines   which   presumably   define   the   function   of  these   filaments   in    cells.      This 
work   is   directed   toward   an   understanding   of  the   structure   and   function   of  the 
keratin   IFs   as   well    as   their   interactions   with   other  components   of  the   cytoskeleton 
and    cell    periphery. 

Major    Findings 

1.  Using   limited   proteolytic   digestion,  procedures,    it   was   shown    that   mouse 
epidermal   keratin    1/10   IFs   consist   of  a   two-chain   coiled-coil   dimer   molecule 
consisting   of  a  type   I   (keratin    10)      -   type   II   (keratin    1)    heterodimer   (Steinert). 

2.  A   synthetic    38-mer   polypeptide   corresponding   to    the    lA   portion    of  the    rod 
domain   of  the  type   III  vimentin   IF  chain   was   shown   to   form   a  stable   two-stranded 
dimer  in   solution   and   is   thus   now   useful   for   attempts   at   crystallization   for  X-ray 
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crystallography    and    two-dimensional    solution    NMR    structural    studies    (Steinert    and 
Mack). 

3.  Solid  state  NMR  studies  on  2 H-ly sine-labeled   keratin   IFs   reveals   that   the 
lysines    are   rather   flexible,    confirming    and    extending    earlier   views    of   the    flexuous 
nature  of  IFs  when  visualized  in  vivo  and  in  vitro  (Mack). 

4.  The  end  domains  of  keratins   1   and   10  represent  one  of  several  types  of 
fibrous    and    globular    proteins    that    contain    glycine-enriched    sequences, 
configured    as   tandem   quasi-repeating   peptides,   which   are   thought   to    fold   into    a 
'glycine-loop'    conformation,    predicated    on    the    recurrent    aromatic    residues 
(Steinert,   Mack,   Korge,   Gan   and   Steven). 

5.  A    13.5   kbp   fragment   bearing   the   himian   keratin   chain   was   found   to   have 
different    glycine-rich    sequences    from    previously    published    information    for    this 
chain.      By  PCR  analysis,   it  is  clear  that  keratin   10  chains  are  highly  polymorphic 
with    respect   to   their   glycine   loop    sequences    in   different   individuals    within   the 
human    population    (Korge    and    Gan). 

6.  This   same   genomic   fragment   for  keratin    10   was   used   for  the   successful 
production   of  transgenic   mice,   created   to   study   the   expression   of  this   gene 
(Steinert). 

7.  Certain    sequences    on   the    carboxyl-termini    of   desmoplakin,    a    major   protein 
component  of  desmosomes,   was   shown  to  be  highly  homologous  to   rod  domain 
sequences   of  keratin   IFs,   suggesting   a   possible   mode   of  interaction   between   the 
keratinlFs   with   the   desmosomal    surface   in   epithelial   cells     (Steinert,    Parry    and 
Green). 


Profilaggrin 

Objectives 

Filaggrins   specifically    interact   with   the   keratins   IFs   of  epidermal   cells    to    form 
highly   organized   'macrofibril'   structures   in   vitro.      In   vivo,   it   is   thought   that   the 
proteins    are    responsible    for   the    proper    alignment    of   the    keratin    IF    during    the 
terminal    stages   of  epidermal   differentiation    and   the    formation   of  a    flattened,   dead, 
comified   cell.      The   filaggrins    are   initially    expressed    as    large   polyprotein 
precursors       (profilaggrins)    that    are    incapable    of   aggregating    IFs,    and    are 
subsequently    proteolytically    processed    into    individual    functional    filaggrin 
molecules   by   excision   of  a   short  hydrophobic    'linker'   sequence.         The 
inappropriate    expression    of    profilaggrin    has    been    implicated    in    several    important 
keratinizing   disorders   of  human   epidermis.      Therefore,    work   in   this    area   is 
directed    toward    an    understanding   of   the    structure,    function    and    expression   of   this 
gene    system    in    normal    and    abnormally    keratinizing    epidermis. 

Major    Findings 

1.      A   partial   clone   encoding   mouse   profilaggrin   has   been   characterized.      It 
contained    up    to    24    individual    filaggrin    repeats    that    have    essentially    identical 
sequences,    but    there    are    at    least    two    different    'linker'    sequences    adjoining 
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adjacent  repeats   in  the  mouse  population.      These  may   be   important   in  the 
subsequent    processing    of    the    profilagrrin    into    indivudal    functional    filaggrin 
molecules    (Rothnagel    and    Steinert). 

2.  By  use  of  cDNA  clones  and  genomic  clones,  it  was  shown  that  the  human 
profilaggrin   gen   in   contrast   to   mouse   filaggrin,    the   exact   sequences    of 
neighboring   repeats  can  vary   by   as   much   as  40%.      However,   the   linker  sequence 
has   been  precisely   conserved.      Further,   the   gene   system   consists   of  at   least  three 
allelic   size   variants,   representing    10,    11    or   12   repeats,   that   segregate   in   kindred 
families    by   normal    Mendelian    genetic   mechanisms.      The    genes   contain    unusual 
pro-protein    sequences    at    the    amino-    and    carboxyl-termini    of   profilaggrin    that 
may   have   important   roles   in   processing   (Steinert,   Idler,    Markova,    Gan    and 
McBride). 

3.  Structurally,  human  filaggrin   is   a  highly  folded  molecule  with   little  or  no 
ordered   secondary  or  higher-order  structures   in   vitro.      This   is   as   expected   for   a 
protein   that   acts   as   a  matrix.      Interestingly,   despite  the   sequence   variations,   a 
common    structural    pattern    is    always    maintained,    with    positively    charged    residues 
usually   occupying  positions   at   the   apices   of  the   numerous   protein   p- turns 
(Steinert). 

4.  Profilaggrin    "minigenes"    containing   0    or   3    filaggrin    repeats    only   have   been 
successfully   used   for  the   production   of  transgenic   mice,    which   are    now   being   bred 
to    obtain    homozygous    animals    for    further    characterization    (Gan). 

5.  Macrofibrils  formed   in  vitro   from  unlabeled  mouse   filaggrin  and    l^c.gjycine- 
and  ^H-lysine-labeled  mouse   keratin   IF  have   been   constructed  to   study   the   mode   of 
interaction   of  filaggrin.      The   molecular  dynamics   of  the   glycine-labeled   IFs   was 
unchanged,   but   the   lysine-labeled   IF  became   much   more   constrained.      These   data 
establish   that   filaggrin   interacts   with   the   rod   domains   of  the   IF,   rather  than   the 
glycine-rich   end    domains,   probably   by    simple    ionic    interactions      of  the   positively 
charged    residues    on    the    protein    turns    of   filaggrin    with    negative    charges 
commonly   found   on   the   rod   domains   (Mack   and   Steinert). 


Loricrin 

Objectives 

During   terminal   differentiation,    epidermal    cells   deposit    a   layer   of   protein   on   the 
inner   surface    of  the   plasma   membrane,    termed   the    cell    envelope,    which 
contributes   to   the   barrier   function   of  the   epidermis.      The   cell   envelope   becomes 
highly    insoluble    due    to    crosslinking    by    transglutaminases    that    from    isodidpeptide 
bonds   and   by   disulfide  bonds.      While   several   putative   protein   components   of  the 
cell   envelope  have  been  described,   none   seems   to   be   a  mjor  component  because   of 
major   differences   in   amino    acid   compositions   and   likely   properties.      However,    we 
have    recently    described    a   new    protein,    loricrin,    which    is    the    major    component    of 
the  cell   envelope   of  epidermal  cells,   as   well   as   of  many   other  stratified   squamous 
epithelia.      We  have  initiated  a  major  study  of  this  system   because  very  little  is 
known   about  the   structure   and   function   of  the   cell   envelope   and   its   possible   role   in 
pathology. 
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Major    Findings 

1.  A  full-length  cDNA  clone  was  isolated  encoding  human  loricrin.      It  is  a  glycine- 
rich    protein    containing   the   glycine    loop    motif.      Human    loricrin    is    considerably 
smaller  than   its   mouse  counterpart,   due   to   deletions   of  numerous   glycine   loop 
sequences,   and   because   the   loops   are   smaller.      However,   certain   glutamine   and 
glutamine   +   lysine   sequences   have   been   conserved   between   the   two    species 
(Steinert    and    Hohl). 

2.  We  have   shown  that  human  loricrin  is  highly  insoluble  due  to   the   presence   of 
disulfide  bonds,   as   well   as   isodipeptide   bonds,   that  form   crosslinks   between 
recognizable   loricrin   peptide   sequences.      This   is   the   first   demonstration   of  the 
presence   of   these    crosslinks    involving    any    protein   component   of   the    cell    envelope 
(Steinert    and    Lichti). 

3.  The   human   loricrin   gene   contains   a   single   intron    in   the   5'-untranslated   region. 
The   gene   has   been   located   to   chromosome   region    lq21,    apparently   very   near  two 
other    major    epidermal    proteins,    profilaggrin    and    involucrin    (another    putative    cell 
envelope    component).      Interestingly,    a   number   of  epidermal    disorders    also    map 
near   this    region    (Steinert    and    McBride). 

4.  Immunogold  techniques  have  been  used  to   show   that   loricrin   is   initally 
deposited    in    the    granular   layer   of  the   epidermis   in    small    round   keratohyalin 
granules    (L-granules)    before    being    dispersed    and    ultimately    concentrated    at    the 
cell    periphery.       These    granules    are    morphologically    quite    distinct    from    larger 
irregularly-shaped     granules     containing     profilaggrin     (F-granules)     that    ultimately 
become    tightly    associated    with   the   keratin    filaments    (Steven    and    Steinert). 


Transglutaminases 

Objectives 

The   formation   of  the   comified   cell   envelope   involves    the   crosslinking   of  the 
protein    components    by    isodipeptide    yV^-(Y-glutamyl)lysine    bonds    that    are    catalyzed 
by  the   action   of  transglutaminases.        Comparatively   little   is   known   about   the 
numbers,    activities,    specificities    and    functions    of   these    enzymes    during    epidermal 
differentiation,    or   their   possible    roles    in    pathology. 

Major    Findings 

1.      By    Northern   blot   analyses,   there    are   at   least   three    different   transglutaminases 
expressed    in   normal   human   epidermis.      These   apparently    correspond    to:    a 
ubiquitous  tissife  type  II  or  type  C  activity;  a  membrane-bound     type  I  or  type  K 
activity,    originally    thought    to    be    found    only    in    cultured    keratinocytes,    but    now 
known   to    be    present    in   many    different    cell    types;    and    a    glycine-rich    zymogen 
activity    recently    located    only    in    differentiating    keratinocytes,    termed    the    E    type 
activity.     These  encode  mRNAs  of  3.7,  2.9  and  about  3.3  kb,  respectively  (H.  Kim, 
Idler,    Chung    and    Steinert). 
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2.  A  full-length  cDNA  clone  encoding  the  K  enzyme  has  been  isolated  and 
characterized.      It  encodes   a  protein  of  89.3kDa,   has   sequences   containing   likely 
membrane-binding    regions,    a    conserved    active    site    region    characteristic    of 
transglutaminases    and    properties    expected    for   the    partially    purified    enzyme    (H. 
Kim,  I.  Kim,  Han,  Idler  and  Steinert). 

3.  PCR    fragments   containing   mouse    and   human   transglutaminase    E    sequences 
have    been    isolated    using    synthetic    oligonucleotides    designed    from    the    known 
amino   acid  sequences  of  peptides  of  the  purified  guinea  pig  enzyme   (I.   Kim,   Han, 
Gorman    and    Chung). 

4.  Peptides   corresponding  to   the      amino-   and   carboxyl-terminal   ends   of  human 
loricrin  have  been  used  as  substrates   for  the  three  enzyme  activities   now  known  to 
be  present  in  the  epidermis.     The  Km  value  for  the  E  enzyme  is  much  lower  than 
for  the   other  enzymes,   suggesting   a  preference   in  vitro   and  possibly   in   vivo,   of  the 
E  enzyme   for  loricrin  as  substrate  (H.   Kim,  Chimg  and  Steinert). 
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The  structure,  function  and  expression  of  the  keratin  intermediate  filaments 
of  human  and  mouse  skin,  and  the  related  intermediate  filament  proteins  of 
other  cell  types,  are  being  investigated.   These  studies  are  designed  to 
understand  the  structural  features  that  determine  how  the  rod  domains  of  the 
chains  pack  to  form  the  filament  core.   Current  models  are  being  tested  using 
electron  microscopic  methods  as  well  as  by  analysis  of  the  products  generated 
on  limited  proteolytic  digestion  of  intact  filaments  of  subf ilamentous  forms 
of  them.   The  glycine-rich  end  domains  of,  especially  the  keratin  l/lO 
filaments  of  epidermal  cells,  are  unique  in  biology.   We  believe  these 
organize  into  a  glycine-loop  configuration.   Current  studies  are  designed  to 
determine  how  these  are  packed  and  how  they  might  interact  with  other 
macromolecules  co-expressed  in  epidermal  tissues.   Using  genomic  clones  to  the 
hiiman  keratin  chains  1  and  10,  transgenic  mice  have  been  constructed  to 
examine  the  expression  characteristics  of  the  genes  as  well  as  to  probe  in 
vivo  the  likely  functions  of  the  various  portions  of  the  chains,  such  as  rod 
domain  segments  and  glycine-rich  end  domains. 
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Project         Description 

Objectives: 

1.  To  determine  the  packing  of  the  a-helical   rod   domain   segments    of  the   vimentin 
chains    of   type    III    intermediate    filaments. 

2.  To   determine  the   likely   secondary,   tertiary   and   possible   quaternary   structures   of  a 
synthetic    polypeptide    corresponding   to    the    lA    segment    of   vimentin    intermediate 
filaments, 

3.  To  determine  the  possible  organization   and  molecular  dynamics   of  the   chains   of 
keratin     1/10    intermediate    filaments. 

4.  To   determine   the   possible   secondary    and   likely   higher-order   structural    features   of 
the  glycine-rich   sequences   of  the   end   domains   of  keratins    1/10      and   other  related 
intermediate     filamen     proteins. 

5.  To   determine  how   the   intermediate   filament   associated   protein   and   desmosomal 
protein,    desmoplakin,    may    interact    with    keratin    intermediate    filaments. 


Methods: 

1.  Scanning    transmission    electron    microscopy    of   vimentin    filaments    disassembled    in 
low   ionic    strength   buffer   are   being   utilized. 

2.  A  38-mer  peptide  corresponding  to  the   lA  portion  of  vimentin  has  been  synthesized 
and    is    being    studied    by    sedimentation    equilibrium,    differential    scanning    calorimetry 
and  solution  state  NMR  methods. 

3.  Solid  state  NMR  techniques   are  being  used  to  determine  the  molecular  dynamics  of 
lysine-labeled       and    phenylalanine-labeled    mouse    keratin    filaments. 

4.  Limited  proteolytic  digestion  methods  are  being  used   to   study  the   organization   of  the 
protein    chains    of   intact    or    subfilamentous    forms    of   mouse    keratin    intermediate 
filaments.       Such    particles    are    being    analyzed    by    use    of   sedimentation    equilibrium, 
sequencing    and    biochemical    techniques. 

5.  A  survey  of  protein  sequence  banks  was  used  to  search  for  possible  homologies  to 
glycine-rich    sequences    that    are    characteristic    of    keratins. 

6.  Structral   homology   studies  using  existing  MATCH   algorithms   are   being   used   to 
analyze    the    possible    secondary    structures    of   desmoplakin    (and    related    bullous 
phemphigoid)     sequences. 

7.  Genomic   clones  encoding   the   human   keratin    1    and    10   genes   are   being   used   to   prepare 
and   characterize   transgenic    mice.      The   expression   of  the    transgenes    of   such   mice    will    be 
studied    by    use    of   immunofluorescence,    in    situ    hybridization.    Western,    Southern    and 
Northern    blots    of    appropriate    tissues. 
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Major    Findings: 

1.  In  collaboration  with  Drs.   Steven  (LSBR/NIAMS)  and  Wall  (Brookhaven)   we  have 
found    that   unstained   subfilamentous    forms    of  vimentin    filaments       when    examined    in 
the      scanning   transmission   electron   microscope   exist   as   an   array   of  particles   of  several 
distinct   conformations   that   provide    important   clues   on   the   ways    in    which   the    individual 
protein  chains  associate  to  form  the  filaments.     Most  particles  formed   in  S  mM  salt 
solutions  correspond  to  dimers  and  arc  either  about  50  nm  or  about  70  nm  long,   and 
many   are   bent  or  folded   about  their  centers  to   form   chevron-shaped   species.      These   data 
conform   to   our  earlier  predictions   and   models   of  assembly,   but   are   different   from   other 
reports    in    the    literature    which    have    stated    that    the    smallest    possible    subfilamentous 
particles  of  vimentin   in   solution   are   tetramers   about  50   nm   long.      Future   work   will 
continue    analyses    of    larger    subfilamentous    particles,    recovered    in    slightly    higher    ionic 
buffers. 

2.  Drs  Mack  (LSB)  and  Lewis  (BEIB)  have  shown  by  sedimentation  equilibrium 
centrifugation    that   a   38-mer   synthetic   polypeptide   corrsponding   to    the    lA   portion    of 
the  rod  domain  of  hamster  vimentin  has  been  shown  by  to  consist   almost  exclusively   of  a 
stable  coiled-coil     a-helical  dimer  in  solution  of  1.0    -  1.25  X  PBS.    This  will  now  be  used 
for:   (a)   solution   state  two-dimensional   NMR,   and   (b)  crystallization,   in   attempts   to   solve 
its  likely  tertiary  structures.      This   will  be  the  first  attempt  to  study   a  coiled-coil   sequence 
by   these   methods. 

3.  We  have  now  shown  that  a-helix-enriched    particles    generated    from    limited 
proteolytic    digests    of   mouse    keratin    intermediate    filaments    can   provide    useful 
information    on    the    organization    of   protein    chains    in    the    filaments.       Tetramer    particles 
from   the   IB   portions  of  the  chains  were  shown  to  consists  of  type   I-type  II  heterodimers, 
thereby   establishing   for   the   first   time   the   chain   composiiton   of  the    coiled-coil   molecule 
of  keratin  filaments.     Digestion  of  filaments  dissociated  at  either  pH  2.6  or  9.8  reveal  an 
array    of   particles   that    should    provide    further   useful    information   of   the    organization    of 
the   neighboring   coiled-coil   molecules   in   the   filaments.      Such   particles    will   provide   data 
in  support  of  or  against  the   several   models   that  have  been  proposed   in   the   literature   in 
recent     years. 

4.  We  [Drs.  Steven  (LSBR.  NIAMS),  Haynes  (LMG,  NICHD),  Korge,  Gan  and  Mack  (of  LSB)] 
have   proposed   that   the    glycine-rich    sequences    of   the    keratin  1/10    filaments    form    a 
glycine    loop    conformation,    based    on    the    recurrent    aromatic    residues    which    are    thought 
to   interact   strongly    which  each   other  to    form   a   hydrophobic    "core".      If  so,   the   glycine- 
rich   sequences   will    form    a   loop    configuration.      We   predict    therefore    that   the    glycine 
residues   will  be  highly   mobile   and  flexible,   while  the   aromatics  will   be   less   flexible.      Our 
earlier  solid   state   NMR  data  have  confirmed   the   high   degree   of  flexibility   of  the 
glycines.      Attempts   are   now   in   progress  by   Dr.   Mack  to   label   keratin   filaments   in   cell 
culture   with   both   ^h-  and   ^^^.p^enylalanine    labeled    keratin    filaments    to    study    their 
dynamics    as    well.       Because    these    labeling    experiments    are    difficult    (insolubility,    toxicity 
and    relatively    low    abundacy),    we   will    explore   the   possibility    of  expressing   the    full- 
length   cDNA   clones   we   have    for  mouse   and/or  human   keratins    1    and    10    in    appropriate 
expression   vector   systems,    so    as   to   label    the   chains   more   directly,    for   structural    studies 
on    intact    reassembled    keratin    filaments.       Interestingly,    we    have    recently    discovered 
similar   glycine-loop    like    sequences    in    other   proteins    of   the    epidermis,    notably 
loricrins,    and    this    sequence   motif   is    also    present    in    another   class    of  proteins,    single- 
stranded    RNA   binding   proteins.       We    will    continue    to    explore   the    occurrence    and    possible 
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structural    features    of   this    sequence    motif   using    the    structural    and    molecular    biology 
approaches    (and    see    below). 

5.  Using  a      13.5  kbp  genomic  clone  encoding  the  human  keratin   10   gene  isolated  by  Mr. 
Idler,    Dr.    Korge    has    further   characterized    the    glycine-rich    sequences,    and    found    them 
to   be   significantly    different    from    those   of  our   previously-characterized   cDNA    clone    and 
a  published   genomic   sequence.      Using   PCR  techniques.   Dr.   Korge   is   characterizing   these 
sequences   from   different   DNA   sources,   to   determine   the   basis   of  this    apparent 
polymorphism,    and    to    determine    whether   these    variations    can    account    for   the    known 
allelic   size  variants  of  the  human  keratin    10  gene   system.      Variations   of  such   sequences 
on   both   the   amino-   and   carboxyl-terminal   ends   of  the   chain   may   have   an   important 
impact   on   the   structure   and   function   of  the   chain   in   the   epidermis. 

6.  Transgenic   mice   bearing   the    human   keratin    1    transgene   have    been   prepared,    in 
collaboration  with   Dr.   Roop   (Baylor).      In  collaboration   with   Dr.   Compton  (Jackson 
Laboratories),      we   have  now   also   produced   transgenic   mice  bearing   the    13.5   kbp 
genomic   fragment   for  the   human   keratin    10   gene.      The   expression   characteristics   of  the 
transgene   are   in   progress   and   will   continue   for  several   months.      Once   we  have 
established   that   the    fragment    is   correctly    expressed    in    the   epidermis,    thus    indicating 
that   all    of  the   necessary    regulatory    sequences   are   contained    within    the    fragment,    we 
will   construct  mutants   to   the   glycine   rich   regions   in   an    attempt  to   explore   in   vivo   the 
likely   structure   and   function  of  these  sequences.      However,   because  we   do   not   have   an 
antibody    which    will    specifically    recognize    the    human    keratin    10    protein    in    the    mouse 
background,   we   will   have   to   engineer   onto   the   human   gene   an   additional   sequence   at 
the   carboxyl-terminal   end   that   will    serve    as   a   specific   marker   for   the   human   gene. 
Subsequently,   we  hope   to   use   immunogold   techniques   to   study   the   expression   of  the 
mutant    protein    constructs. 

7.  In  collaboration  with  Dr.   Green   (Northwestern   University)   and      Dr.   Parry   (Massey 
University,    New   Zealand),   the   near   complete    sequence   of  human   desmoplakin   has   been 
determined.      Interestingly,   we   have    found    several    recurring   peptides    near   the    end   of 
this  chain  which  have  high  degrees  of  homology   with  the    IB   portion   of  the   rod   domain 
of  keratin   filament  chains.      This   suggests   that   such   sequences   may   interact   in   vivo,   and 
this   therefore    affords    a   possible   mechanism    of   attachment   of  keratin    filaments    with 
desmosomes   in   epidermal   (and   other  epithelial)   cells.      In   order  to   explore   this   further, 
we  have  constructed  a  57-mer  synthetic  polypeptide  to  this  region.      It   will   be  used   for 
microinjection   experiments    as    well    as    production    of   specific    antibodies. 

Significance    to    biomedical    research 

A    detailed    understanding    of  the    structure    of   keratin    (and    other    related)       intermediate 
filaments    is    necessary    to    understand    their    function    in    cells,    their   likely    mode(s)    of 
interactions    with    other    cytoskeletal    or    cell    peripheral    components,    and    possible    roles    in 
keratinizing   disorders   of  the   skin.      The   use   of  transgenic    systems   may    provide   mouse 
model   systems   for  the   study   of  certain   disorders. 
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Filaggrin  is  a  major  differentiation  product  of  terminally  differentiating 
mammalian  epidermal  cells,  that  is  thought  to  be  involved  in  the  aggregation 
and  specific  alignment  of  keratin  intermediate  filaments  during  the  final 
stages  of  differentiation.   Thus  filaggrin  is  an  important  example  of  an 
intermediate  filament-associated  protein.   We  have  isolated  both  cDNA  and 
genomic  clones  which  show  that  filaggrin  is  initially  expressed  as  a  large 
polyprotein  precursor,  filaggrin,  that  is  subsequently  proteolytically 
processed  into  individual  functional  filaggrin  molecules.   In  the  hioman 
system,  the  precursor  consists  of  3  allelic  size  variants,  containing  10,  11 
or  12  tandem  repeats  that  segregated  by  normal  Mendelian  genetic  mechanisms. 
In  addition,  these  repeats  show  considerable  sequence  variation,  so  that  any 
two  repeats  are  only  about  85%  homologous  to  each  other;  so  far,  we  find  that 
of  the  324  amino  acid  residues  of  the  filaggrin  repeats,  about  40%  of  the 
positions  are  variable.   We  have  constructed  genomic  fragments  for  the 
production  of  transgenic  mice.   We  have  begun  a  systematic  analysis  of 
regulatory  sequences  that  control  the  expression  of  this  gene  system.   We  are 
studying  the  method  of  interaction  of  filaggrin  with  keratin  intermediate 
filaments  by  use  of  solid  state  NMR  techniques.   Since  there  are  a  nxomber  of 
keratinizing  disorders  of  the  skin  for  which  there  is  some  evidence  involving 
incorrect  expression  of  the  profilaggrin  gene,  we  have  begiin  a  systematic 
search  for  the  possible  role  of  filaggrin  in  genetic  diseases  of 
keratinization. 
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Project     Description 

1.  To   determine  the   structure  of  the  profilaggrin   gene   in  mouse   and   human 
epidermis. 

2.  To   determine    the    likely    mechanism    of  interaction   between    filaggrin    and 
keratin     filaments. 

3.  To  explore  the  expression  of  the  human  profilaggrin  gene  and  mutations  of 
it  in  normal  human  and-  mouse  skin,  in  transfected  cells  and  in  the  transgenic 
mouse   model   system. 

4.  To   characterize   the   regulatory    sequences   and   factors   involved   in   filaggrin 
expression    in    normal    and    abnormally    keratinizing    epidermis. 

5.  To  explore  the  role  of  filaggrin   in  various   genodermatoses. 


Methods 

1.  Genomic  as  well  as  cDNA  clones  have  been  isolated  from  several  libraries, 
subcloned    and    sequenced    by    standard    procedures. 

2.  Solid  state  NMR  techniques  have  been  used  with  unlabeled  mouse  filaggrin 
and  mouse  keratin  filaments  labeled  in  vivo  or  in  cell  culture  with^^C-labeled 
leucine  and  glycine,   and  ^H-labeled     lysine. 

3.  Portions  of  genomic   clones   have   been  joined  to   form   minigenes   containing 
0  or  3  filaggrin  repeats  as  well  as  7  kbp  of  upstream  and  4  kbp  of  downnstream 
sequences,   which   have   been   used   for  the  production   of  transgenic   mice. 

4.  Various   portions   of  the  putative   upstream   regulatory  sequences   of  the 
human    profilaggrin    gene    are   being   subcloned    into    CAT  and    other   expression 
vector   systems   in    attempts   to    identify    potential    positive  and/or   negative 
regulatory     sequences. 

5.  Genetic  linkage  analyses  as  well  as  RFLPs  of  DNA  samples  obtained  from 
kindred   families   of  persons   with   normally   keratinizing   epidermis,    as    well    as   a 
variety    of  keratinizing   disorders,    are   being   done   in   order   to   explore    the 
potential    role   of  filaggrin   in   these    disorders. 


Major    Findings 

1.      Dr.   Gan  has  isolated   and  sequenced  several   cDNA  clones  containing  one  or 
more    filaggrin    repeats,    as    well    as    two    genomic    clones    that   contain    sequences 
encoding   the   5'-   and   3'-ends   of  the   human    profilaggrin    gene.      We    found 
considerable    sequence    variations,    even    between    adjacent    repeats    on    the    same 
clone,    and   can   be   accounted   for  by    simple   single-base   changes,   yet    about  40% 
of  the    amino    acid    positions   can    vary.      Secondary    structural    studies    predict 
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little    overall    change    in    the    highly    flexible    conformation    of   the    various 
filaggrin   sequences.      RFLP  analysis   of  several    randomly    isolated   DNA   samples, 
as  well  as  DNA  from  kindred  CEPH  families,     reveals  there  are  at  least  3  allelic 
size   variants    in   the   human   population,    containing    10,    11    or    12   filaggrin 
repeats,    which    segregate    by    normal    Mendelian    genetic    mechanisms. 

2.  Dr.   Mack  has  shown  that  when   filaggrin   forms   tight  macroilbril   bundles   in 
vitro    with   keratin   intermediate    fllaments,    there    is    little   overall   change   in    the 
molecular   dynamics    of   the   glycine-rich    end    domains,    which    indicates    that 
filaggrin   does   not   interact   with   the   filaments   through   their  exposed   end 
domains.      However,   when  ^H-lysine-labeled    filaments    were    used,    it    appears 
that   the   molecular   dynamics    of   the   lysine    residues    is    considerably    constrained 
in   macroflbrils   versus   filaments    alone,   which   seems    to    provide   direct   evidence 
for  the   interaction  of  the   filaggrin   with  the   rod  domain   portions   of  the 
filaments.      Thus   filaggrin  may   be   interacting   with   filaments   by   means   of  ionic 
salt  bridges.     This  model  seems  consistent  with  the  large  body  of  sequence 
information    described    above. 

3.  Using  minigene  constructs  containing   0   and   3   filaggrin   repeats   of  the 
human    profilaggrin    gene,    we    have    produced    several    founder    transgenic    mice. 
These  are  in  the  process  of  being  bred  to  produce  more  Fl   animals,  as  well  as 
ultimately,   homozygous  mice   for  the   transgenes.      These   mice   will   then   be 
characterized   in   detail   for  the   expression   of  the   human   filaggrin   gene,   by   use 
of    in    situ    hybridization,    immunofluorescence    using    a    human    filaggrin 
specific    monoclonal    antibody,    and    Northern    and    Southern    blots    of   various 
tissues    to    explore    expression    characteristics. 

4.  Selected   portions   of  the  profilaggrin   gene   corresponding  to  the   5'- 
upstream,    intron,    coding    and    3'-downstream    sequences    are    being    subcloned 
into  several  expression  vector  systems  by  Drs.  Gan  and  Markova.     We  are 
currently   using   commercially-available    CAT   vectors,    and    vectors       kindly 
given  us  by  Dr.  Yuspa  (LCCTP,  DCE,  NCI)  and  Dr  Schafftier  (Switzeriand).     Once 
clones   including  both  +   and   -  orientations   are  prepared,   these   will   be   used   for 
transfection    analyses    to    test    possible    promoter    enhancer    activities. 

5.  Dr.  DiGiovanna  (DB,  DCBDC,  NCI)  is  currently  identifying     individual 
patients   as   well   as   families  of  patients   with   a  variety   of  keratinizing   disorders, 
including    Darier's    disease,    various    ichthyoses,    epidermolytic    hyperkeratoses, 
and  related  disorders,  for  both  clinical  diagnosis,   as  well  as  to  collect  blood 
samples.     Dr.  Bale  (DCE,  NCI)  is  coordinating  these  samples  and  their 
transformation  with  EBV  so  as  to  maintain  a  permanent  source  of  DNA  of  these 
patients.     In  collaboration  with  Drs.  Bale  and  McBride  (LB,  DCBDC,  NCI)  these 
DNA  samples  are  being  used  for  RFLP  and  genetic   linkage  analysis  studies  to 
explore   the    possible    role   of  the    profilaggrin    gene    system    in    the    molecular 
basis   of  these   genetic   disorders.      This   work   is   being   done   in   coordination   with 
a    consortium    of    other    dermatology    investigators    interested    in    genodermatoses. 

Significance    to    biomedical    research 

Elucidation    of   the    structure    and    expression    of   the    profilaggrin    gene    system    in 
both    normal    and    abnormally    keratinizing    epidermis    is    crucial    to    an 
understanding   the    function    of  the   gene.      Using   our   clones    and    antibodies,    we 
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are  now   in  a  unique  position   for  the  first  time  to  initiate  studies  on   the  likely 
involvement   of   this    gene    system    in    a   number   of  genodermatoses. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  cell  envelope  constitutes  a  thick  layer  of  highly  insoluble  protein  on  the 
inside  of  the  plasma  membrane  of  cornified  epidermal  cells  and  of  other 
stratified  squamous  epithelial  cells.   Of  several  putative  protein  components, 
none  has  hitherto  proven  to  be  a  major  component  because  of  major  differences 
in  amino  acid  composition,  levels  of  mRNA  or  of  expressed  protein.   We  have 
recently  identified  a  new  protein,  termed  loricrin,  that  fulfills  all  of  the 
requirements  of  a  major  constituent  of  the  cell  envelope.   Loricrin  clones 
were  first  identified  in  a  mouse  epidermis,  and  now  in  more  detail,  from  human 
epidermis.   Loricrins  are  glycine-rich  proteins  that  contain  the  highly 
flexible  glycine  loop  motif.   They  are  crosslinked  in  cell  envelopes  by 
isodipeptide  N®P^-'--'-°"-(gamma-glutamyl)lysine  bonds.   The  possible  role  of 
loricrins  in  keratinizing  disorders  of  epidermis  is  being  investigated  by 
transgenics,  FOR,  RFLP  and  genodermatoses  analyses. 
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Project      Description 

Objectives 

1.  To  characterize  the  crosslinking  of  loricrin  to  the  cell  envelope. 

2.  To  characterize  the  biosynthesis  of  loricrin  in  the  epidermis. 

3.  To  study  the  structural  organization  of  the  possible  glycine  loop  motif  of 
loricrin    and    its    possible    interaction    with    other   cytoplasmic    constituents. 

4.  To  isolate  and  characterize  the  human   loricrin  gene   system. 

5.  To   determine   the  expression   characteristics  of  loricrin   in   transgenic   mice. 

6.  To  determine  the  possible  role  of  loricrin  in  keratinizing  disorders  of  the 
epidermis. 

Methods 

1.  Protein  chemical  methods   are  being  used  to  isolate,   purify,  and   sequence 
peptides    containing    isodipeptide    crosslinks. 

2.  Specific   antibodies   to   mouse   and   human   filaggrins   and   loricrins    are   being 
used    for    immunogold    analysis    and    indirect    immunoflourescence. 

3.  Secondary   structural   predictive   and   NMR   techniques   are  being   used. 

4.  Standard  molecular  biology   techniques   are  being  used   to   isolate   and 
characterize    genomic    fragments    carrying    the    human    loricrin    gene,    which 
will   subsequently   be   used   for   the   production   of  transgenic   mice. 

5.  Both  skin  and  blood  samples   are  being  collected  from  patients  with 
keratinizing  disorders  of  the      epideremis  to  use  RFLP,  PCR  and  genetic   linkage 
analyses. 

Major    Findings 

1.      In   collaboration   with   Dr.   Lichti,   we   have   pulse-labeled   newborn   human 
(foreskin)    epidermis   with    ^H-lysine    and    have    isolated    labeled    peptides 
containing    isodipeptide    crosslinks.       Limited    manual    amino    acid    sequencing    of 
several    of   these    peptides    has    shown    the    presence    of   recognizable    loricrin 
peptide    sequences.      This   established    that    loricrin    is    (a)   directly    crosslinked    to 
the  cell   envelope  by   such   bonds   and   (b)   supports   our  notion   that   loricrin    is   a 
major  component   of  the   cell   envelope.      Further   studies    are   in   progress    to 
isolated    additional    crosslinks    to    establish    kinetic    information    about    the 
deposition  and    subsequent    crosslinking    of    loricrin    and    other    putative    protein 
components    of   the    cell    envelope. 
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2.  Using  specific   antibodies   to  mouse   filaggrin   and  mouse   loricrin,   we   (Drs 
Steven,   LSBR/NIAMS    and   Roop,    Baylor)   have   used    immunogold   techniques   to 
study    the   deposition    of  these   two    proteins    during   terminal    stages    of  epidermal 
differentiation.       We    have    found    that    filaggrin    labels    large    irregularly    shaped 
keratohyalin    granules,    termed    F-granules.       Loricrin    antibodies    label    small 
round   granules   that   we   termed   L-granules.      The   proteins   of  the   two   granules 
have    different    fates,    however:    loricrin    subsequently    becomes    deposited    on    the 
intracellular   side   of   the    cell    periphery,    whereas    filaggrin    is    located    between 
the  keratin  filaments  of  the  cells.      Further  work  is  in  progress  to  study  the  co- 
expression   of  these   two   proteins   in   normal    as   well   as   abnormally    kratinizing 
human     epidermis. 

3.  Loricrins   contain   large   stretches   of  glycine-rich   sequences    ,    analogous   to 
the  keratins,  and  we  are  in  the  progress  to  doing  NMR  structural   studies  to 
probe    the    molecular   dynamics    of   the    glycines    and    recurrent    aromatic 
residues.      Using  established   predictive   algorithms,   the   glycines   are    likely   to   be 
highly   flexible,   while  the   aromatics   are  likely  to   be  less   flexible.      Loricrins 
represent    another    new    class    of    proteins    containing    the    glycine-loop 
structural     motif. 

4.  Dr.   Hohl   and  Mr.   Idler  have  isolated  genomic  clones  encoding  human 
loricrin.      The   gene   contains    an   intron   only   in   the   5'-untranslated   regions.      We 
have   found    no    sequence    variations    between    several    cDNA   clones    and    genomic 
clones.      Yet  mouse   and   human   loricrins   display   major  variations    in    sequence. 
Dr.    Yoneda    is    currently    using    PCR   methods    to    further    characterize    loricrin 
sequences    in    different    human    and    other    species. 

5.  Dr.  Yoneda  is  in  the  process  of  constructing  this  gene  fragment  in  a  form 
suitable   for  use   in   making   transgenic   mice,   which   will    subsequently    be   used 
to  make  deletion   mutants  to   explore   the   function   in  vivo   of  the   glycine   loop 
sequences. 

6.  In  collaboration   with   Dr.   McBride,   the  human  loricrin   gene  has   been 
mapped  to  the  lq21  position  of  the  genome.     Since  this  is  also  the  same  locus  of 
the    profilaggrin    and    involucrin    genes,    futher    genetic    linkage    analyses    are    in 
progress   to  determine  the   exact  linkage   of  these   3   genes.      Since  certain 
epidermal   bullous  disorders  have   also  been  mapped  to   this   locus,   we   have 
initiated   a  collaboration   with   Drs.   DiGiovanna   and   Bale  to   gather  patient   blood 
material    in    order    to    begin    genodermatosis    research. 


Significance    to    biomedical     research 

Detemining    the    structure    and    expression    of   the    human    loricrin    gene    system    is 
of   vital    importance    in    understanding    the    role    of   loricrin    in    normal    epidermal 
differentiatation    and    in    assessing    its    potential    role    in    keratinizing    disorders    of 
the    epidermis. 
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Transglutaminases  form  isodipeptide  crosslinks  between  acceptor  amide  groups 
of  glutaminyl  residues  and  donor  epsilon-NH2  groups  of  lysines.   In  the 
epidermis,  and  other  stratified  squamous  epithelial  tissues,  these  enzymes  are 
thought  to  be  involved  in  the  crosslinking  of  putative  protein  components  to  • 
form  the  insoluble  cell  envelope.   Using  molecular  biology  approaches,  we  have 
found  that  there  are  3  different  transglutaminase  activities  in  normal  human 
and  mouse  epidermis.   These  are  known  as  the  K,  C  and  E  enzymes.   Work  is  in 
progress  to  isolate  and  characterize  clones  encoding  each  of  these  and  to 
determine  the  likely  functions  of  these  different  activities  in  normal  and 
abnormally  keratinizing  epidermis. 
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Project      Description 

Objectives 

1.  To  isolate  and  characterize  cDNA  clones  encoding  the  3   different 
transglutaminases    and    to    determine    their    likely    protein    structures. 

2.  To  localize  these  activities  in  epidermal   and  related  epithelial  tissues   and  to 
examine    their    expression    characteristics. 

3.  To   isolate  and  detemine  the  genomic   structures  of  these  activities. 

4.  To   determine   the  likely   substrate   preferences   of  these   activities. 

Methods 

1.  Synthetic  oligonucleotides  and  PCR  methods  will  be  used  to  isolate  both 
cDNA   and   genomic   clones    from    appropriate   cell   culture,    foreskin   and    genomic 
libraries,    using    standard    molecular    biology    techniques. 

2.  Indirect    immunofluoresecence,    in    situ    hybridization,    immunogold. 
Northern,    Southern    and   Western   blotting   techniques    are    used   to    localize   the 
expression    of    the    transglutaminase    activities. 

3.  In   vitro   assays   of  synthetic   peptides   derived   from    loricrins   and    involvucrin 
are  being  used  to  assess  the  Km  values  of  the  enzymes. 

Major    Findings 

1.  Full-length  cDNA  clones  have  been  isolated  by  Dr.  Hee  Chul  Kim  and  Mr. 
Idler   for   the   transglutaminase    K    enzyme    activity    expressed    in   cultured 
epidermal  keratinocytes   as   well   as   intact  epidermal   tissues.      The  protein   is   813 
amino  acids  long,     has  a  molecular  weight  of  89.3  kDa,  possesses  a 

typical  active    site    consensus    sequence    of    transglutaminases,    has    sequences 
characteristic    of   a    membrane-bound    protein,    and    has    properties    expected    for 
the    partially    purified    enzyme. 

2.  Using  PCR  methods  from  peptide  sequences  obtained  by  Dr.  Gorman,  Dr.  In 
Gyu  Kim  and  Dr.   Han  have  isolated  clones   for  the  transglutaminase  E  activity. 
Work   is   in   progress   to   obtain   complete   sequences   for  the   mouse   and   human 
enzymes,   because  protein  chemical   analyses  of  Dr.   Hee  Chul   Kim   and   Dr. 
Chung   shows   that   they    are   very    different    in    properties.       Sequences    that    are 
unique  to  the  E  and  K  enzymes  will  be  utilized  in  the  production  of  specific 
antibodies   for  more   detailed   expression    work.      Similarly,    specific   clones    will    be 
used  to  isolate   genes   for  them. 
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Significance    to    biomedical    research 

Characterization    of    the    structures    and    function(s)    of    these    three    different 
transglutaminase    activities    in    human    epidermis    is    important    in    understanding 
the    processes    or   normal    epidermal    differentiation,    as    well    as    assessing    their 
potential    roles    in    keratinizing   disorders    of   the    epidermis. 
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